UNCLASSIFIED

AD NUMBER

AD378365

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential
LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Distribution: Further dissemination only
as directed by Federal Aviation
Administration, Office of Supersonic
Transport Development, Washington, DC,
20553, Sep 1966, or higher DoD authority.

AUTHORITY

FAA 1ltr, 10 Oct 1972; FAA 1ltr, 10 Oct 1972

THIS PAGE IS UNCLASSIFIED




e

SECURITY
MARKING

The classified ar"iémuod status of this roport applies
0 cach page, wless etherwisa marked.
Separate page primtouts uusr,é marked acserdiagly.

THIS DOCUMRNT COkaINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF
THE UNITED STATES WITHIN THE MEANING OF THE ESPIONAGE LAWS, TITLE 18,
U.S.C. . SECTIONS 793 AND 794. THE TRANSMISSION OR THE REVEBLATION OF

~£I§ CONGENTS, IN ARY NANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY

ROTICE: When government cor other drawings, specifications or other

data are used for any purpose other than in connection with a2 defi-
nitely related government procurement operation, the U. S. Government
thereby incurs no responsibility, nor any obligation whatsoever; and
the fact that the Government may have formulated, furnished, or in any
way supplied the seid drawings, specifications, or other data is not
to be regarded by implication or otherwise as in eny marnner licensing
the holder or any cother person or corporatiocn, or conveying amy rights
or permission to manufacture, use or sell any patented invention that
M2y in any way be related thereto. '

L3

e




3783605

AD No.

po
S
-
-
£
(—]
—




NOTICES

When Governmment drawings, specifications, or other data are used
for any purpose other than in connection with a definitely related
Government procurement operation, the United States Government
thereby incurs no responsibility nor any obligation whatsoever;
and the fact that the Government may have formulated, furnished,
or in any way supplied the said drawings, specifications, or other
data, is not to be regarded by implication or otherwise as in any
manner licensing the holder or any other person or corporation, or
conveying any rights or permission to manufacture, use, or sell
any patented invention that may in any way be related thereto,

All distribution of this document is controlled, In addition to
security regyuivements which apply to this document and must be met,
it may be further distributed by the holder only with specific
prior approval of:

Director of Supersonic Transport Development
Federal Aviation Agency
Washington, D, C, 20553

The distribution of this report is limited because it contains
technology identifiable with items excluded from export by the
Department of State (U, S, Export Control Act of 1949, as amended),

Conripe



@ PWAH = FP-66- 100~ Ve ~-3D
CONFIDENTIAL o aErTEMBER |0%6
~€28-42360— @ —

e o ayiw S .
1 _,___@ ENGINE PROPOSAL T Tre—

e,
FOR -PHASE J[L OF THE \
burersoNic TRAMSPORT DEVELOMMENT PROGRAM . |

VOLUME T _ P
TECHNICAL / ENGINE.

| D D
REPORT D. * 4, e R OR
INSTALLATION AND INLET J"Bow
| SYSTEM COMPATIBILITY ().~ #'1U LLJJ

L
]
I —
1
]

"oa,,,
o,
P,
L.

YOU ARE HERERQY NOTIF!ED THAY

THE SOGING COMPFANY CONTIOERS ALl (NFORNATION
DREIGHATAD BOEING - C‘OUPITI‘"VI DATA W™ THIR
BOCUHMENT TO 6t oF a PROPHIETANY NAVUAE. THiNE.
PORE. YHE BECH: \‘Ull OF SUCM INFONMHATION B Rl
DURSTED YO TREAT IT ACCORDINGLY AND NSV TRANBMIT,
FEvEAL  ©OR D-scmo«: IT SR ARV PARY YHIWEOP TO
COMPET W, @ COoOMPA NIKS &N ONGAMITATIONRS OF SOFING
WITHOUT YHE SPECIFIC APPRUVAL OF TAL SO4A'WE 728
CMITE EnGINKEER,

B RFURNAY SR ANU SEBISR UCRBIGRATUD B O R
MERD - COMPETITIVE DATA 19 CONSIDIRGDG BY LOCK-
WEED AIRCRAPY ComtiNY TO B2 OAISINLTER uY 1ne O
BR THE PROSINVY OF LOCHIERD, LOCHNELD AUSNATES
f ALL BRTENT. . sROPR| ETANY, DEVIGN, MANUFACTURCNGE,
- : = REPROBUCTIOR. USE AND BALES THENTS THINETS. 4N
% YO ANY ARTICLE DISCLOSED THAME!N, ERCEP? 70 THE

EXYENT ©0OnTE ARE ERPRESNY SRANTES TO SYraRD,
TNE FOREQOING DOLE NOT APPLY TO ABCEADIR YEapal
RTARY RiGHYD,

56’66, " (COMPETITIVE DATA)

\ ):A - PREPARED FOR

| FEDERAL AVIATION AGENCY

\, OFFICE OF SUPERSONIC TRANSPORT DEVELOPMENT
WABKINGTON, D, C.

THIO DOCUNENT COMYLING IHFORMATION AFFECTING *ME N Ly '

HATIONAL DRFEISE OF THE UNITRD STATES WITHIN TG 0—&(.21&
WEARINE OF THE TBFIOMAGE LAWS, YIVLE 18 U, 8. &.. V
USCTIONS TOB AMD THE. TS TRANOMISSION OR YNE

REVELATION OF 1'e CONTIWMYS [ AMNY RANKER TO
AN UNAUTHOMIERD PFERSON !9 PRCHIDITRO BY LAW.

Pratt & WhItNey RIFrCraft s e wre e s

FLOGRIDA RE RCH AND DEVELOPMENT CENTER e .
(HD ! J | DICLASHIFID ATTER 12 YEARS. DOD DIR. 5800.10 | P

i I
' /,,\Af CONFIDENTIAL




Pratt & Whitney Rircraft

A P ¢ e A

PWA FP 66-100
Volume 111
Report D

. P

T \\

SECTION

e -

mnmmmm

e s o S,

.

CONTENTS‘.}
-~ PAGE
(STA:ATION COMPA'I’IBII.IT!; Dl
A. Scope and Obje.tives / D11
Tisscription of Comple}e”JTF17 Engina/Alrframe
interfaze Bounda Di.1

C.

A.
B.|

nfiguration and Supporting Design Details.__D-38
dary Airflow System Definition and Requirements ___D 142

/ Engine Mockup Plan

Di-44

Engine Installation Hanbook D\-47

! k,\ INLET SYSTEM COMPATIBILITY, &~ )i, pI-1
A. Oblectives and Introduction Dil-1
Alrframe/Engine Com Agreement Di-1

lity Test Plan Dil-2

Du-12

stortion Prediction Development DIi-37
EXHAUST SYSTEM COMPATIBII.ITY@K Di-1
Introduction DM-1
Instaliation Effacts \ Dim-1

[e———————_ S

VPR g T U T o R Al YT S

kS

Ty

et




Pratt & Whithey Rircraft
PWA FP 66-100

frowey

_
¢

o e

PR P . f

It |

P

[

TN P PEY S

-~y

J——

Volume 11T
400 - -1 T g ain Transient 1
i NN NN Mazimum Transient !
; , §\\\\j\§\\\\3(.‘nndiliq:no l.lmi!edl
o : : ! ]
- aqel ) . 3 . R e
4 %Fﬂt is recngnized that airplane ! ; T ﬁ1i
. operation may exceed the | Not to Exceed |
o1 3%} continuous uperating limits. — . oh 20—
e ] Corrective action must he j Mach ‘ b‘.;
initiated immediately) ! ; N //;
28— L 1 { f -
! Note: Subject to revision :
as the result of | AN \\
L 1 future engine-___ —
<] 24 —_‘i sirframe | N i
& coordination. !
) S A N\
= D i “1
£ e st OO !7 L |
O 16fAG——t [ H AW
E’ % ‘ ] \\\ \
& 12+ - Continudun - ';+' — TR —
E Operating Envelope : F
P4 Y I O T W Y ]
g giD\mr‘. Heater Li} Limit H ‘
: P 3
U 4 & Limit for Hot Day |
Z i Operation Only. Not |
= o l to Exceed Mach 2.7.
200 0 100 200 300 400 500 600 700
ENGINE INLET TOTAL TEMPERATURE T, - °F
Figure 3. Engine Operating Envelope - Lcckheed FD 17609
p
R
‘-1
. 1
R Ral & xm ;&}é\ﬁ
6000 Permissible Reverser§ \\? ~
& Thrust Operating Region
S Y 2
<]
E - .
0 0.2 04 0.6 0.8 1.0

MACH NUMBER M

Figure 4. JTF17 Reverser Thrust Operation - Boeing FD 16332

BI-3

BY



Pratt & Whitney Rircraft
PWA FP 66-100
Volume III
, 60 |
/
)
g 40
g
-]
£ -
EE 30
H e SO S et pele - =
' Permisaible Roverse Thrust Operating Region
Pe) ,
E% ) _ - B
:i 16
0 P
0 0.2 0.4 0.6 0.8 1.0
MACH NUMBER,
Figure 5., JTF17 Reverser Thrust Opera’icn - FD 16331

Lockheed BI

Time percentages established were applied to the engine life objectives
to obtain the requirements given below. Points indicated for various limit-
ing conditions refer to figures 2 and 3.

For

1.
2.
3.
4.
3.

ma jor cases, 50,000-hour life:

30,000 mission cvclaes

50,000 engine mcceleration cycles - idle to SLIO
21,000 hours at crulse (Point A)

1000 hours at SLTO (M = 0-0.3)

1500 hours at maximum compressor inlet temperature
and pressure (Point C)

750 hours at envelope limit (Line GCAH)

50 hours at maximum transient point (Line DEF)
4250 hours at hot day cruise (Pofnt B)

1000 hours at maximum reverse thrust

disks, 20,000-hour disk life:

12,000 miscion cycles

20,000 engine acceleration cycles - idle to SLIO
8500 hours at cruise (Point A)

400 hours at SLTO (M = 0-0.3)

600 hours at maximum compressor inlet temperature
and pressure (Point C)
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leakage connect pointa that permit optimum engine maintenance and foolproof
assembly. The tubes ave designed for easy maintenance and inexpensive
fabricstion snd with adequate support to keep resonant frequencies well
above engine operating frequencies.

Specific objectives and requirements are:

1. Each tube is designed for its specific application, i.e.,
function and eavironment, with a usable life that is consistent
with 50,000 hours afrcraft life and with 10,00C hours engine
TBO without ma jor repair.

2, Stresses asgociated with differential expansion and contraction
of various parts of the engine during steady-state and tragsient
operation must be kept within scceptable limits through proper
routing and support arvangements.

3. Tubeg are routed to eunsure a neminal clearance envelope of
0.500 inch between engine components and other tubes. A
c¢learance of 1.000 inch nominal is maintained adjacent to
airframe structure.

4, Fuel and oil supply lines must function aatisfactorlly in
ambient temperatures from -65°F to 700°F and fluid tem-
perature to 400°F maximum.

5. Air lines, including breather and signal lines,and fluid
lines that are drained during part of the flight eavelope
must withstand ambient temperatures of 1050°F maximum.

3. Design Approach
a, Detailed Description
(1) Tubing

Experience gained from the design of the high Mach number and high
performance .J58 engine is being directiy applied to the JTF17 engine.
Development engicne time in excess of 22,000 hours has been accumulated
on tubing of the type ueed on the JTF17. Tubing systems for the JTF17
engine are designed using refined tube computer programs which were
developed in conjunction with the J58 engine project. Two mejfor tube

. computer programs are utilized., These are: (1) the tube stress program,

and (2) the tube clearance progrem.

The procedure outlined in figure J demonstrates the approach used
to degign engine Cubing systems. Each tubing systew is analyzed to
deternine optimum tube size, wall thickness and tentative routes.

Pump inlet line girzes are designed with a fluid velocity of
in to 16 ft/sec to preveni cavitation or erogion. Tube sizes for the
auct heater fuel sys ecm gr: derived from a maximum &llowable fill time
requirement with resul *lng veloclties and pressure drops in the system
compatible with a presaure requirement at the nozzles. Other systemg ave

BII I-3
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designed to permit minimum tube sizes wirthin allowable pressure loss
requirements and minimum expansion loop length.

1. Analyze Tube Function
2. Preliminary Routing on Developed Engine View
. Preliminary Mockup Routing

. Plumbing Coordinates vis Layvout
. Stress and Frequency Program

. Interference Program Check

. Mockup Fit Check

. Acceptable Design Layout

XIC Oa W

Figure 3. P&WA Tube Design Process FD 17001
BII

Tube wall thicknesses that have been established for the JTF17 engine
are a8 follows:

Tube Bize Maximum Operating Basgic Wall
(Oucside Dis, in.) Pressure, psi Tk “ckneas, in.
Up to 2.500 Under 1000 0.035
Up to 0.438 Over 1000 0.035
0.500 to 0.688 Over 1000 0.049
0.750 to 1.588 Over 1000 0.065

Tubing routes are checked on engine mockups tc provide a visual 3-
dimensional aid for final route selection. Removal of components, eage of
engine maintensnce with respect to inapection parts, access panels and
ports are considered during this phase of tubing design.

Tube 00 wall thicknesses, coordinstes, end points, bracket locations
aond final thcrmal calculastions are icput inte a tubing computer program
which computes stresses along the tube length, relative thermal movements
at sliding bracket locitions, s2nd resonent frequencies between support
points. The tube is redesigned and recomputed, in an iterative process,
unti]l the design requirements of stresses and frequencies are met, The
wméximum combined hcop, tension and bending design stress is limited to
22,000 pei, providing ample gtress margin for tolerances and fatigue stresses
for the material used, Tubing resonsnt frequencies are kept above 180 cycles
per second, which is 20% above high rotor frequency.
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leakage connect points that permit optimum engine maintenance and foolproof
assembly. The tubes are designed for easy maintenance and inexpensive
fabrication and with adequate support to keep resonant frequencies well
above engine operating frequencies.

Specific objectives and requirements are:

1. Each tube is designed for its specific application, i.e.,
function and environment, with a usable life that 1s consistent
with 50,000 hours aircraft life and with 10,000 hours engine
TBO without major repair.

2. Stresses assocliated with differential expansion and contraction
of various parts of the engine during steady-state and transient
operation must be kept within acceptable limits through proper
routing and support arrangements.

3. Tubes are routed to ensure a nominal clearance envelope of
0.500 inch between engine components and other tubes. A
clearance of 1.000 inch nominal is maintained adjacent to
airframe structure.

4, Fuel and oil supply lines must function satisfactorily in
ambient temperatures from -65°F to 700°F and fluid tem-
perature to 400 °F maximum.

5. Air lines, inciuding breather and signal lines,and fluid
lines that are drained during part of the flight envelope
must withstand ambient temperatures of 1050°F maximum.

3. Design Approach

a. Detailed Description
(1) Tubing

Dupoerience gained from the desipn of the high Mach number and high
per formance J58 engine is being directly applied to the JIF1l7 engine.
Development engine time in excess of 22,000 hours has been accumulated
on tubing of the type used on the JIFl7. Tubing systems for the JTF17
engine are designed using refined tube computer programs which were
developed in conjunction with the J58 engine project. Two major tube
computer programs are utilized. These are: (1) the tube stress program,
and (2) the tube clearance program.

The procedure outlined in figure 3 demonstrates the approach used
Lo lesign engine tubing systems. Each tubing system is analyzed to
determine optimum tube size, wall thickness and tentative routes.

Priup inlet line sizes are designed with a fluid velocity of
'O 1o b ft/scc to prevent cavitation or erosion. Tube sizes for the
S beeter fuel system are derived from a maximum allowable fill time
ny with resulting velocities and pressure drops in the system
- with a pressure requirement at the nozzles. AHther systems are

BIT I-3
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designed to permit minimum tube sizes within allowable pressure loss
requirements and minimum expansicn loon length.

1. Analyze Tube Function
2. Preliminary Routing on Developed Engine View
. Preliminary Mockup Routing

. Plumbing Coordinates via Layout
. Stress and Frequency Program

. Interference Program Check

. Mockup Fit Check

. Accepteble Design Layout

[+ I IR N

Figure 3. P&WA Tube Design Process FD 17001
BII

Tube wall thicknesses that have been established for the JIF17 engine

are as follows:

Tube Size Maximum Operating Basgic Wall
(Outside Dia, in.) Pressure, psi Thickness, in.
Up to 2.500 Under 1000 0.035
Up to 0.438 uver 1000 0.035
0.500 to 0.688 Over 1000 €.049
0.750 to 1.500 Over 1000 0.065

Tubing routes are checked on engine mockups to provide a visual

3~

dimensicnal aid for final route selection. Removal of components, ease of
engine maintenance with respect to inspection parts, access panels and

ports are considered during this phase of tubing design.

Tube OD wall thicknesses, coordinates, end points, bracket locations
and final thermal calculations are input into a tubing computer program

which computes stresses along the tube length, relative thermal move

ments

at sliding bracket locations, and resonant frequencies between support

points. The tube is redesigned and recomputed, in an iterative proc
until the design requirements of stresses and frequencies are met.
maximum combined hoop, tension and bending design stress is limited

22,000 psi, providing ample stress margin for tolerances and fatigue stresses
for the material used. Tubing resonant frequencies are kept above 180 cycles

pe ccond, which is 20% above high rotor frequency.
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Volume III LOCKHEED COMPETITIVE DATA
Note: All Loads Are Limit
Q@ Individual Foints
Yaw YVelocit;y - vad/sec
Yew Accoleration - rad/pec? W 0.2
Pitch Velosity =401
‘. Fitch Acuelerstion ) 203
@ Roil Velocity 3 §-=x22
® PRoll Acceleration a [ IR )
Py Longitwdinot Drag or Thrust = @215
T, Max Reverse Thrust {1b) . <
z F kAR - 1LOG
Tm Max Forward Thrust (1h) 2 P:r: T8 Ty ©
Engine Torqus is About . 2 Airioad = & 1.0 pa!
Longitudinal § Side G /, ' 5 v“vgr.‘
-2 " #0.2pal
Sidc
g\::;ouic & el

P - 0102500010
Airload = 2 0.5 pst
[ Vartical

¢ Side

.. i

Engine Torqu«
138,000 in. /1b

Emeraenqx Mancuvera

it SN Engine Fatlure (M = 2)
P.. = 102,000 Ib (A1t}
Side G = £ 0, 30
P 2035
Y=a010
Figure 8. JTF17 Maneuver Lcad Diagram - FD 16285
Lockheed Installation IIA

Rotor integrity is assured by application of the following rotor

tiebolt or axial retention criteria:

1. The moment impcscd by loss of 1GX of the b
stage shall not sitresas the tiebolts more t
strength of the material.

2, The strain energy produced from loss of 102 of the biades of
any one stage must be within the strain energy abscrption
capability of the tiebolts.

3. 1In addition, the tiebolts must prevent flange separation during
normal operation at the extreme conditions of meneuver and
flight envelope.

1 g ¥ (e
han the 0.2% yield

Energy absorptive techaiques are used to prevent gross rotor fail-
ures. Generally, this technique ie to utilize energy by deformation
or rubbing friction on less critical or smaller mass parts to prevent
the sudden release of large masses of energy. This criterie is applied
to rotor—-stator axisl epacing.

The miuimum parts life requirements shown below are eatablished on
the basis of the general engine parts life requirements described in
Section I (Introduction to Report B).

Fan disks 20,000 hours

Blede lock ringe 20,000 hours

Fan rotor blades 10,000 hours

Rotor tiebolts 10,000 hours
BRI1A-8
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Prier to the use of fans, the criteria employed to ensure containment
equated the potential energy absorption capacity of the case to the
kinetic energy of the blades released. While this method yielded generally
acceptable results for high compressors and turhbines (figures 25 and 26),
tests revealed that the energy absorption was nct sufficient for the larger
diameter fans. The blade impact was determined to produce intense local

compressive stresses that caused a portion of the case to be sheared before
the energy could be abscrbed.

A technique has been developed to provide a type of containment
enalysis that employs the shape of the failed blade and the dvnamic shear
strength of a localized gsection of the engine case. This method has pro-
vided consistent results in tests using actual blades and engine cases.
From many tests, a factor has evolved that relates the actual blade velocity
at impact to the total velocity cf the same weight blade rejuired to shear
the case. Experlence defines this factor. {See figure 27.)

in the JTF17, shear criteria has been used to size the fan case. The
phear criteria was also used for the compressor and turbine sections as
well as the energy criteria. Table 8 shows the actual containment factors.
shear and energy, provided in the engine.

s

Containment Capability of cases is judged by a “containment factor,”
that is empiricelly obtained from test,

This containment facter {CF) relates case encrgy absorption
potentisl (PE) to biade kinetic ensrgy ( KE)

CF = F£ (Of all cases surrounding stage)
; o KE (All Bludes Instuge )

For vreb-sudald blados OF = 0.20
Shrouied biades CF ={.12
{ruch &5 tarbine nrage)
G450 g ——LI-TJ-3-0
0400}k —
" Compressor Experience
o (Unskrouded Bledes)
'B 0.350
= al
C.300
g A Noi Coutained
m 0 Contained
= 02504 -~Cltedderacnd gt
é %7 Recommendsd Minimum (0.250}
= 020
Z A
o .. S
0.i50
& !, £
0.100
Figure 25. Containmeni Experience FD 16232

IIA
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Turbine Cane Erperience
m0.22 =1 T T T T
) 0 q In Plsne rnth Blades
N i
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R 1 Contained
E- .14 o
Z _‘m_é
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Filgure 26, Containment Experience FD 16234
11A
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Figure 27. Containmeri. Experience Based on FD 16233
Shear Penetration Testing IIA
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Table 8. JTF17 Blade Containment
Stage Shear Criteria Energy Criteria
(See figure 27.) {See figure 25.)
Factor Allowable Factor Allowable
Min Min
First (Fan) 0.68 C.68 11.3 8.6
Second (Fan) 0.68 0.68 12.6 8.6
Third {(Compressor) 0.914 0.68 0.2% 0.25
Fourth (Compressor) 1.204 0.68 0.263 0.25
Fifth (Compressor) 0.957 0.68 0.322 0.25
Sixth (Compressor) 0.934 0.68 0.264 0.25
Seventh (Compressor) L.315 0.68 0.379 0.25
Eighth (Compressor) 1.333 0.68 0.475 0.25
First (Turbine} 0.890 0.68 0.250 0.250
Second (Turbine) 0.755 Q.68 .0.120 0.120
Thivd (Turbine) 0.702 0.68 0.120 0.120

A contalnment failure imvolves an impulsive load of infinitely short
duration that results in an extremeiy high strain rate (approximately
100,000,000 times greater than standard tensile test strain rates).

High strain research indicates that the true energy absorption and shear
capability of s material varies with strain rate, generally increasing
substantially with increased strain rate.

Material dyramlic shear factora have been obtaluned by Pratt & Whitney
Alrcraft through ballistic testing of materials at velocities related to
blade impact and subsequently verified by whirl it testing with actual
blades and cases. Figure 28 shows the relationship of dynamic shear
factor to static temsile for a varterty of materials.

6 -

& |
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Figure 28. Dynamic Shear Factor vs Static FD 16279
Tensile Strength I1A
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(6) Intermediate Caae

The intermediate case, which 1s the section between the fan and the
compressor, 18 the support for the Wo. 1 and No. 2 bearings and also the
major aupport for the gag generator.

The intermediate case is designed to carry the radial and thrust loads
of the No. 1 and No. 2 bearings, thrust load, shear torsional losd of the
ges generator, and the main engine mareuver loads. In addition to these
loads, the intermediate case must withstand the unbalance forces caused

by blade loss and supplement the 2nd-stage fan OD liner in providing blade
containment.

The basiz gtructure of the intermediate case is a titanium weldment
utilizing AMS 4966 (A-110) forgings and AMS 4910 (A-110) sheet. Butt
welded joints will be used on all attachments by welding to integral,
machined, contoured standupe in the wall forgings. (See figure 29.)

This conatruction has the decided advantagze of having all welds loaded 1in
simple tension or compression. Areas with combined bending stresses will
occur in parent material away from the welds and heat-affected zone.

Engine §,

Duii Weided Jomnt—.

\'7

Butt W,

Figure 29, Intermediate Case Basic Structure FD 17666
YIA
The struts sre fabricated from a combination of sheet stock and

forgings and are butt welded to airfoil contoured platforms that are an
integral part of the wail ringe.

Vane to shroud cracking experienced in service on the JT3D inlet case
has led to the gtandup foot butt weld design. Cases such ac the JT3D
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{g) LCF Design Approach

Inftial studies considered usaing engine 3rd stage (compregsor lst
stage) air as a source for disk cooling. The temperature level was ideal
for rapid disk metsl temperature regponse but the pressure level was too
low for the required flow. Subsequent studies led to the selection of
4th gtage air. This source, in conjunction with antivortex tubes to
compensate for radial inward flow pressure drop, resulted in acceptable
bore air temperature and pressure levels.

The next step was te design a flow system in which the bore cooling
air woculd contact all disks and yet be separated from nigher temperature
compressor discharge alr. This was accomplished by incorporporating a
bore tube thet returns the cooling air to the front of the high compressor

where it is discharged through

The final covling air flow
environment that setisfied LCF

the intermediate case to the fan cavity.

path, which resulted in a disk thermal
requirements, is shown in figure 63.

S — - ____:r;éﬂivortex Tube Bore Tube

e T —f—--
12

Figure 63. Compressor Disk Cooling System FD 16417
I1A

To evaluate disk transient thermal response, a detailed analysis was
performed on the most severe conditions of & typical aircraft mission
cycle. This analysis wes performed by creating a mathematical model of
the entire rotor and programming all pertinent parzmeters on a digital
computer, The computer pregrem, in éssenceé, simulated the total in-
flight rotor environment.

To assure that optimum weight had been realized, the disks were first
analyzed on & stregs-limited basie. This means that the disk configura-
tion was determined first from the standpoint of a noncyclic stress
criterion such as yield, burst, and creep. This disk configuration was
then adjusted to account for the specific number ¢f dynamic and thermal
cycles.
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Several supporting studies were conducted in conjunction with the main

effort to obtain the “asic cooling air flow path. One of these studies
involved optimization of the bore cooling air flow rate. Results of this -
study are shown in figure 64. The curve shows that increasing the flow
beyond 0.6X of gas generator flow offered little advantage in decreas-
ing disk temperature gradient,

oo et hpsapins s

400 Py - & | Q
'i
§ \'\ .
+ 300% v e 1 2ont e — ‘f l
§ !
@ 200 {
(=] s
v
100} j
U S X S ¥ 1314 18 1
GAS GENERATOR FLOW - %
Figure 64. Disk Temperature vs Gas Flow FD 17416 U
IIA
The substantiation of the need for a design using cold-bore cooiing
air 18 1llustrated in figure 65. This curve showed the relative weight ﬂ
required to obtain cyclic life with a hot-bore and cold-bore configuration.
The hot bore configuration is that used in the initial experimental engine.
” " i
T
5 *Hore to Rim ! -
: | i
o 24 1 7 48 S
ﬁ Waight Inerezze to Ohiain F, £ .
o 12,000 Cycles i
QL
> 1 32 7
O 6 E
] m f )
E LCF Lif, & t
efor Stress /
3 gl Limited Disk 16
§ %-—v"—-—h
. r—— "\\- 1,
-400 -300 -200 -10¢ 0 100 200 303
COLD BORE AT °F HOT BORE AT*- °F
Figure 65. Cold Bore ve Hot Bore LCF Life FD 16359 ‘
and Weight Trends I1A
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Fuel is metered to the duct heater as a function of power lever position
and T, 5 as shown on figure 3, Power lever translates a 3D cam and Ty
rotates the caw, the output of which is the desired duct heater fuel flow
burner pressure ratio, This ratio is multiplied by burner pressure resalt-
ing in a signal proportional to fuel flow being generated.

The duct heater incorporates two zones of fuel injection. Within the
unitized control, each zone {8 provided with a fuel shutoff valve and a
manifold rapid fill system., This latter system reduces by a significant
amount the time required for augmenter transients by providing s high rate
of fuel flow from the gas generator boost pump dur g the fill period. Each
zone is also provided with separate fuel pressu- :nals for operating the
fuel manifold dump valves.

When the power lever {s advanced beyond - . maximum nonaugmentation f{lat
to the minimum duct augmentation flat, a se: ncing valve - the unitized
fuel control initiates the following events: manifold dump
valve closes, (2) the Zone I rapid-fill valve opens, (- e Zone 1 shut-
off valve opens, (4) the duct exhaust nozzle resets par.. y open, and

(5) the duct igniters are energized, Fuel {5 delivered tc he Zone I fuel
manifold at a high flow rate until a pressure signal indi: :es the manifold
is full. The rapid-fill valve closes, the igniters are t: ! off, and
the duct exhaust nozzle reset is removed,

Further power lever advancement increagses duct fuel-air ratio and duct

nozzle area on a coordinated schedile to hold the total engine airflow
constant,

If the power lever is moved to the Zonz II renge, the Zone II fuel
manifold dumy valve is closed, the Zone II shutoff valve is opened, and
the Zone II rapid-fill vaive is opened to fill the Zone I1 fuel manifold.
A constant fuel-air ratio is held during tie Zuue i1 rapid-fill transient,
rressure increasing in the Zone II manifold provides a signal resultiug in
closing of the rapid-fill valve and simulianeous routing of meiered fuel
tc the Zone 1I manifold, Total duct fuel flow is divided between Zone I
and Zone IL by the fuel nozzle flow characteristics. Zone II fuel ignites
spontanecusly when the fuel enters the burner. Continued power lever ad-
vanceument causes increased duct heater fuel flow, increased engine thrust,
and increased duct nozzle area to maintain constant engine airflow.
Maximum duct augmentation is scheduled by power lever pogition. Fuel flow
for quick filling of both the Zone I and Zone II fuel manifolds is supplied
from interstage pressure of the gas generator fuel pump. The duct heater
fuel flow schedule ig shown in figure 8.

The total corrected engine airflow is controlled as a function of Teo
to the schedule defined in the engiue specification, The airflow control
is achieved by actuating the variable duct exhaust nozzle. In the cruise
range the nominal airflow schedule may be manually adjusted by the flight
créw between maxi{mum and minimum limits to obtain optimum inlet per-
formance, The total corrected airflow schedule, the maximum and minimum
limits, and the nominal schedule coordinated with Boeing are shown in
figure 11 of paragraph B of this section, while those coordinated with
Lockheed are shown in figure 10 of paragraph B of this section.

BIIID-7
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Figure 8. Duct Heater Fuel Flow Schedule FD 16453
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Total engine airfiow is the sum of gas generator airflow and duct atzr-
flow. Gas generator airflow is determined by sensing high rotor speed and
einglune inlet temperature, Knowing thig airflow permits determining the
duct airflow requived to cbtain the desired total engine airflow. There-
fore, desired dust airflow parameter will be scheduled as a function of
high rotor speed and engine inlet temperature, as shown vn figure 4.

The duct corrected airflow is measured using the duct sressure ratio
parameter, which is the difference between fan diascharge trcel pressure
and fan discharge atatic pressure divided by fan discharge total preasure,
(Pt3vPa3)/Pt3. This same paramster ie utilized in supersonic aircraft air
induction controls. The unitized contxol will gchedule the duct pressure
ratio necessary to obtain tie desired duct airflow. The actual duct
pressure ratio will be detetmined‘by_;he control and compared with the
scheduled pressure ratio. The difference between the pregsure ratios
initiates corrective action thrcough a proportionel plus integral serve and
& power boost servo to reposition the duct exhaust nozzle as required in a
closed loop basis to obtain the desired duct airflow.

¢. Separately Mounted Components

The unitized fuel and area control system inciudes the following
separately mounted compcnents:

l. Turbopump controller, which regulates air supplied to the duct
hezter fuel pump by modulating & butterfly valve located in the
pump air inlet supply.

2. Two engine inlet temperature sensors which sense temperaturs with
& gas-filled tube. The resultant g/ ° pressure is transduced into
a fluid presgure and in turn sensed oy the control for use as engine
inlet temperature bias.
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to close and opens the respective fuel manifeld dump valves. Cooling
fuel flow will also be reestablished through the duct heater tuel svs-

tem components,

In this e ent, the power lever must be retarded to the

nonaugmented flat power lever position, or less, and then moved to an
augmentation position before duct heater operation can be reinitiated.

In the event an inflight engine shutdown ig performed, the engine
may be restarted by placing ignition selector switches on the "on"
position, the power lever at idle position and moving the shutoff lever

to the "on" position.

The gas generator ignition selector switches should

be placed in the “off'" position after engine restart is accemplished,
Normal engine control by power lever modulation may then be rrsumed.

Table 1. Sample Cruise Thrust Setting Tables

Subsonic: 36,150 Ft. M = 0.9

Gross Wt. O0AT - YF -70 -52
EPR/EGT 2.26/1370 2.26/1450

480,000 N2/Np 94.7/97.2 96.5/100.0
WFT 10600 10900
AJD/DH 3.6/Not Lit 3.6/Not Lit
RAT/2AS -7/516 +14/528
EPR/EGT 1.91/5105 1.91/1180

360,000 N2 /Ny 89.6/92.7 91.5/94.7
WFT 7800 8000
AJuD/Dk 4.3/Not Lit 4.3/Not Lit
RAT/TAS -17/56 +14/528

Supersonic: 65,000 Ftr. M =2.7

Gross Wt. QAT OF -7 -52
EPR/EGT 0.743/1425 0.761/1425

500,000 N2/Ny 100.0/86.2 100.4/86.5
WFT 26000 27200
AJD/DH 6.4/Lit 7.0/Lit
RAT/TAS 49471548 537/1534
EPR/EGT 0.743/1425 0.701/1425

370,000 N2/Ny 100.0/86,2 100.4/86.5
WET 19100 20200
AJD/DH 5.6/Lit 6.2/Lit
BRAT/TAS 494/1548 537/1584

Symbol Description Units

CAT Outside Air Temperature °F

EFR Engine Pressure Ratio (Pt7/Pt2) None

EGT Turbine Discharge Total Temperature °F

N2/Np High Rotor RPM/Low Rotor RFM %

WET Total Fuel Flow PFH

AJD Duct Nozzle Jet Area Ft2

DH Durt Heater Lit/Not Lit

RAT Raix Air Temperature (Tt2) op

TAS True Airspeed Knots

BIIIB-19
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26.0 TURBINE COGOLING SYSTEM - The turbine cooling system is a
self-contained, fixed orifice and self-regulating system which does
pot require an ailrframe supplied input.

26.1 Turbine Temperature Measurement System - The engine shall
be equipped with thermocouples for use in conjunction with the airframe
temperature indicating system. The thermocouples shall permit cemsistent
measurement of exhaust gas temper .ure. The system design shall be
such that it is possible to service check individual temperature probes
for continuitcy.

27.0 CUSTOMER REQUIREMENTS

27.1 Drive Power Extraction - The maximum allowable continuous
horscpower extraction and overload horsepower extraction at the power
takeoff pad for all operating conditions as a functicn of high pressure
compressor rotor speed is as specified im the form of torques and speed
ratios on the Installaticn Drawing.

27.1.1 Dynamic Loading - The dynamic loading limit ¢! the drive
pad is specified on the Installatiou Drawing.

27.1.2 Power Takeoff Shaft Speed - lower takeoff shafi speed ratic
is specified on the Installation Drawing.

27.1.3 Shear Saction - The shear gection requirements are specified
cn the Installation Drawing.

27.1.4 Mounting Pad and Power Takeoff {PT0) Shaft Lcads — The
mounting pad and PTO shaft load specifications are shown on the Installation
Drawing.

27.1.5 Hydraulic Pump Drive Pads - Hydraulic pump pads shall be
provided as shown on the Installation Drawing.

27.2 Compressor Bieed Air

27.2.1 Quality — The air at the engine bleed ports shall not countain
quantities of engine generated noxious, toxic or irritating substances
above the maximum threshold limit values of the substances shown below:

Substancas Parts per Million (Volume)
Carbon dioxide 5000.0
Carbon monoxide 30.0
Carbon tetrachloride 50.0
Becaborane 0.U5
Diborane : 0.1
Pentaborane 0.01
Ethyl alcohol (ethanol) 1000.0
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Substances (continued) Parts pgar Millioa (Volume)
Fluordae 0.1
Fuels, aviation 250.0
Hydrogen peroxide 1.0
Methyl alcohol (methanol) 200.0
Methyl bromide ’ 20.0
Monochlorobromomethane 40,0
Nitregen dioxide 5.0
011 breakdown products (aldehydes, acrolein, etc.) 1.0 ;
Ozone 0.1 ; \
Unsyn—~dimethyl hydrazine 0.5

The air shall contain a total of not more than 5 milligrams per cubilc
meter of submicron particles, !

Dirt or other feoreign particle concentracion in the bleed air after
expansion to atmospherilc pressure shall not axceed that of the air at $
the engine inlet on a per unit volume basis. If a demonstration is
required P&WA will demons:irste on & normally functioning engine on a }
P&WA plant test stand that the above requirements are met within the i
accuracy of the testing technique available to P&WA at the time of the
demonatration., However, it must be recognized that there may be occasional
instances 1In service operation vhen the bleed air is contaminated.

27.2.1.1 Seals and O0il Lines - Accessory seals, bearing seals,
and oil lines shall be designed so that a single failure (except for
engine bearing failure) can not result in bleed air contamination. P&WA
shall submit a failure analysis to the alrframe manufacturer ro demonstrate
how the dJesign meets this requirement.

27,2.2 Quantity - The engine shall provide for high pressure compressor
air extraction, for alrcraft use, as indicated:

o

a. Within the operating envelcpe of the engine, high
compressor ailr will be avsilable in gquantities not
to exceed 52 of gas generator airflow from idle to R {
a thrusi corresponding te & tuirblioe exhaust gas - ti :
temperature 80°F (44.4°C) less than that correaponding : 1
to maximum cruise. o

b. Within the operating envelope of the engine, high compressor 1?
air will be available iu quantities not to exceed 3% of b
gas generator airflow from z thrust corresponding to a :
turbine exhaust gag temperaturw 80°F (44.4°C) less than !j #
that corresponding to mwaximum cruise, to takeoff thrust. 1

The number, locetiom and cennection flenge details of the bleed ports ‘
are defined on the Installarion Drawing. Changes of compressor air
extraction must not exceed 1% per mecond. For high pressure compressor
aiv extraction, within the limite specified, the pressure and temperature .
at the engine bleed ports shall be as provided by curve Neo. S5-84, sheet P
1. The effacts upon engine pericrmance wheu bleeding air from the engine
shall be as provided by curve No. §-84, sheet 1. !
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26.0 TURBINE COOLING SYSTEN - The turbine cooling svstem is a
self-contained, fixed orifice #.:d self-regulating system which does
not require an airframe supplied input,

26.1 Turbine Temr=rature Measurement System - The engine shall
be equipped with thermocouples for use in conjunction with the airframe
temperature indicating system. The thermocouples shall permit consistent
measurement of exhaust gas temperature. The system design shall be
such that it is possible to service check individual temperature probes
for continuity.

27.0 CUSTOMER REQUIREMENTS

27.1 Drive Power Extractior - The maximum allowable continuous
horsepower extraction and overload horsepower extraction at the power
takeoff pad for all operating conditions as a function of high pressure
compressor rotor speed is as gpecified in the form of torques and speed
ratios on the Installation Drawing. ’

27.1.1 DPynamic Loading - The dynamic loading limit of the drive
pad is specified on the Installation Drawing-

27.1.2 Power Takeoff Shaft Speed - Power takeoff mhaft speed ratio
is specified on the Instellation Drawing.

27.1.3 Shear Section - The shear section requirements are specified
on the Installation Drawing.

27.1.4 Mounting Pad and Power Takeoff (PT0) Shaft Loads ~ The
mounting pad and PTO shaft load specifications are shown on the Installation
Drawing.

27.1.5 Hydraulic Pump Drive Pads - Hydraulic pump pads shall be
provided as shown on the Installation Drawing.

27.2 Compressor Bleed Air

27.2.1 Quality ~ The air at the engine bleed ports shall not contain
quantities of engine generated noxious, toxic or irritating substances
above the maximum threshold limit values of the substances shown below:

Substances Parts per Million (Volume)
Carbon dioxide 5000.0
Carbon monoxide 50.0
Carbon tetrachloride 50.0
Decaborane 0.05
Diborane 0.1
Pentaborane 0.01
Ethyl alcochol (ethanol) 1000.0
25
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Substances (continued) Parts per Million (Volume)

Fluorine

Fuels, aviation

Hydrogen peroxide

Methyl alcohol (methancl)

Mathyl bromide

Monochlerobromomethane

Nitrogen dioxide

011 breakdown products (aldehydes, acrolein, etc.)
Ozone

Unsym~dimethyl hydraczine
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The air shall contain a total of not more than 5 milligrams per cubic I
meter of submicron particles.

Dirt or other foreign particle concentration in the bleed air after
expansion to atmospheric pressure shall not exceed that of the alr at L
the engine inlet c¢n a per unit volume basis. If a demonstration {s
required P&WA will demonstrate on a normally functioning engine on a
P&WA plant test stand that the gbove requirements are met within the
accuracy of the testing technique available to P&WA at the time of the
demonstration. However, it must be recognized that there may be occasionsl
ingtances in service operztiosn when the bleed air 1s contaminated. H

27.2.1.1 Seals and 0il Lines - Accessory sesls, bearing seals,
and oil lines shall be designed so that a single fallure (except for
engine bearing failure} can not result in bleed air contamination. P&WA
shall submit a faiiure analysis to the airframe manufacturer to demonstrate
how the design meets this requirement.

27.2.2 Quantity - The engine shall provide for high pressure compressor
air extraction, for aircraft use, ag indicated:

a., Within the operating envelcpe of the engine, high g
compressor alr will be availshle in qumntiries not
to exceed 5% of gas generator airflow from idle to ;
a thrust correspending to & turbine exhaust gas i[
temperature 80°F (44.4°C) less than that corresponding
to maximum crulse. v
b. Within the operating envelope of the engine, high compressor l}
alr will be aveilable in quantities not to exceed 3% of
gas generator airflow from a thrust corresponding to a )
turbine exhaust gas temperature 80°F (44.4°C) less than l’
that corresponding to maximum cruise, to takeoff thrust.

The number, locarion and comnection flange details of the bleed ports {z
are defined on the Installation Drawing. Changes of compressor air (‘
extraction must not exceed 12 per second. For high premsure compressor

alr extraction, within the limits specified. the preasure and temperature L.
at the engine bleed ports shall be as provided by curve No. S-B4, sheet }i
1, The effects upon engine performance when bleseding alr from the engine Ui
shall be ar provided by curve No, 5-84, sheet 1.
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The estimated cust of the JTF17 develiopment program proposed to meet
the 85T objectives for engine life and reliability is §325 million from
the end of Phase I1-C through engine certification in December 1971; a '%
continued development program is planned after certification to improve i
the engine in service, The estimated costs for the various phases of
the SST program are summarized below:

Assumed Time Frame Program Phase Estimated Cost
July 1965 through Phase II-C (demonstrator) § 50 Militien g
Decemb=r 1966 |
January 1967 through Phase 111 (FTS development, 290 Million
September 15, 1970 20 prototype engines, and

J———

support for 100 hours of
aircraft flying)

September 15, 1969 Fhage IV (Engine certifi- 252 Million
through May 15, 1974 cation, plus continued

development and fiight

test suppert through air-

craft certification)

P

e

May 15, 1974 through Phase V (Continued engine 180 Million
May 1979 development)

The estimated unit engine cost established in accordance with the
FAA's instructions is $i.21 million, for the engines to be delivered during
Phase V.

The Mach 3+ flight time obtained with J58-powered aircraft each day
now exceeds the total Mach 3,0 flight time obtained by all other aircraft
te date. Ag this supersonic experience continues to accumulate in the
years before the flight of the first supersonic transport, the Florida
Research and Development Center engineering team will continue to apply to
the JTF1l7 the hard lessons learned from the J54 program, In commercial
servic¢s, oither Fratt & Whitney Aircraft engines have demonstrated a main-
tenance cost per lb thrust per hour one-half that of competitive engines,
and unmatched rate of TBO growth, and the lowest premature-removal rate in
the industry. The same development philosophy that made this record possible
will be applied to the SST propulsion task. This extensive and continuing 1
high Mach number experience, combined with extensive and continuing com-
mercial turbine engine experieuce, prevides a singular understanding of the
55T propulsion problems; an understanding which in the finel analysis will
result in the moat economical engine.
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S. Engine Weight

The weights of the JTF17A-21 production enginces arc defined in the
Engine Model Spocifications as 9910 pounds and 9860 pounds for the Bocing
and Lockheed models, respectively. Prototype engine weights are 37 higher.
Pratt & Whitney Afrcraft has developed a system of weipght prediction and
control that was applied to the JTF17 engine design during Phase 1I. Each
component part was carefully estimated and controlled. The accuracy of.
this estimating system is confirmed by the fact that the actual weight
of the first test engine proved to be 50 pounds less than the weight
estimated for the engine. The extensive weight control program developed
during Phase 11 will be continued through Phase I1l.

6. Noise Attenuation

Phase II-C tests and analyses indicate that tha following FAA noise
attenuation objectives can be met:

1. 1500 feet from centerline of runway 116 PNdb
2. 3 statute miles from start of takeoff roll 105 PNdb
3. 1 statute mile from runway on approach 109 PNdb

Current levels of unsuppressed and suppressed engine noise for Cen-
dition 1 are shown in figure 15. The potential for suppression devices
to reduce the level of the predominant jet noise is also indicated.

Figure 16 shows noise levels for Condition 2 art the 3 mile point for
the thrust levels the airframe manufacturers anticipate. The suppression
devices, current and potential, include acoustic treatment of the duct
heater diffuser to absorb fan generated noise, and reverser-suppressor
attenuation to reduce the jet noise, A further reduction in total euwgine
noige at thrust cutback after takeoff may be obtained through the use of
duct heating beyond the thrust cutback point. By means of this procedure,
the required thrust level will be attained at a lower fan rotor speed.
Engine noise reductions of 5 PNdb may be obtained using this technique.

3 !
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Figure 15, Predicted Turbofan Airport Noise FD 16948

Levels 2
CONFIDENTIAL




copat

"
Pratt & Whitney Rircrat CONFIDENTIAL

PWA FP 66-~10C
Volume I

Figure 17 shows predicted noise level for Condition 3, the 1 mile R
approach condition, where acoustic damping and oplimum blade-vane spacing
reduce fan noise.
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Figure 16. Predicted Turbofan Noise Levels FD 16949
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SECTION 1
INSTALLATICON COMPATIBILITY

A. SCOPE AND OBJECTIVES

This section describes the design approaches and dezign requirements
used to define all interface boundaries between the Boeing B-2707 airplane
and the Lockheed L-2000 airplane and the JTF17 engine. By virtue of the
Phase 1I-C coordination effort, the section further delineates the high
degree of alrplane/engine compatibility achieved in the areas of emgine
mounts, accessory drives, external plumbing, air blecd systems, secondary
airflow systems, instrumentation, and engine mockups.

Continuing coordination with the airframe manufacturer, airlines, and
the FAA during Phases III, IV, and V will ensure that engine compatibility
is maintained as the engine is developed and the airplane design is refined
during the prototype and flight test pregrams. The plan and procedures for
achieving this continued compatibility are described in Volume V, Report C.
Configurarion Management.

A set of the engine installation drawings, which are actually part of
the engine model specifications, has been incorporated in this section
for ready reference. As such, the drawings represent the engine coordinated
configuration as approved by each of the airframe manufacturers.

B. DESCRIPTION OF COMPLETE JTF17 ENGINE/AIRFRAME INTERFACE BOUNDARY

All engine/airframe interface boundaries, including dimensions and
load limitations for the interface, are shown on the Installation Draw-
ing, figure 1 for the Boeing B-2707 and figure 2 for the Lockheed L-2000.

The symbols (X, AD, AE, etc.) which correspond to locating symbols
ugsed on the Installation Drawing for cross-reference are listed alphabeti-
cally in the nomenclature columns of Sheet 1 of the Installaticn Drawing
and after each paragraph heading in this section and provide the location of
each item by coordinate zones.

at the engine/airframe interface boundaries. During Phase III, required
changes to the prototype engine will be coordinated with the airframe
manufacturer and the FAA as shown in the configuration management plan.
The interfaces are deecribed below.

Tiie provtciype engine is currently identical to the production engine

1. Mountin; and Instgllation Attachment Systems

a. Engine Inlet (X)

A circular flange is located 5.30 inches ahead of the engine front
mount ring to mate with the ajrframe inlet duct. Connection and mating
to the airframe inlet for Lockheed 18 by a V-band clamp to the engine
flange. The engine inlet case also provides for a Lockheed-supplied inlet

DI-1




e

[
.

L OCATN
SHELT ¢ SeERT? L 2 eMET &

ACCESSORY DHIVE FADS  (SEE NOTE imy
Peti Yot ooy - sccoskomy (KD

PRESSURE SINGING (D

3
3

TACHCMETER TG maD vt (KD TUMRSE L PROIT R SO A0S W

POWER TWE O oD mMP @ PLACES! (H
SASTELL ANEOUS

Do TANR MIC GAL CARSOITY)

b Ul 2y peP

aw FLEL mss sgTER (0

NCT MEATER T, 0 CYYER PNETTIN Y- PASY oAUV

OuLY HEATER fidE SN

Ly YO PUMS

O FRLSSAK

o PWTEW T

MAI P COOLLR

DUCT HEATER Fuli-M ohOem

MAIN  GF ARgY

M Pimr oy AREBQOY

LS EE OESSUMIMG VAW

s TS - T BEED AR Map (R

uea i ZFD B, COustE |MARG AUGMENTATION, B NUTILED

XU CUlL TMBORAME CONTRC. vALVE

20 ALY AMSSAOL

NO.1.2 BEAMWE COMPARTMENT STAUT OR SUMP

ORam TANT

EXGHIR (NAN & DUCT i@aTiing- > @30 O

IGMITER PLLG (MAN) T QT (£

IGHTER PLUG (DT oTATERY 7 AECTD  (CT)

ENGINE FRONT wOUMT  SROVISIONS K S

ENGINE REAR MOUNT PR SOng (K

FUEL DRAME ¢

A FATES nEAR  THO- MUNE-R4

AR ATM vl VE

FUEL FLOW (sTF w0 oy
MAN FUEL PUMP A Dt HEITER PUMP SUPFLY WLET
WA FUEL FLOWNMETER <Py agLET
thhdy FUEY FLOAMETER TOSFLY OUCLET (KD

OUCT MEATER FLOWMCTER SWPPLy WLET (B
Dt EATER CLOWMETER 3UPPLT UTLDY (KD

FUEL VENT
fUEL PUMP OYTLLY YENT “EZ% BUNS 2A
FUEL PRESSURE
VAW FUEL PUWP (T FRESIURE
FUEL FILTTR INLET mrwnl‘melwm FOR FRESSURE
FUSL FETER QUTLET POESSURE | Do FTRFNTIAL <3T3-20UNS 34

-3 Pe Br Miw ¥ AN o= o mm
EEREEL 7 % ETETT

FUEL RETWIo T AW easE  FUEL SYSTIM . F
GROLNG HAMDLING  LREA (FRONTY k0

GRS HINDL NG APEA (MLAM) x

POMRA (TNIRL

AK ST OFF conTROSL

AL OUCT MEATEM NOZZLE Pr% WMCATOR  (WALCTAR - {ELLETR ALY
AM G PRISSWE BOEED AR TAD  (RD

AN EnG MLET Tt SENSOR I MEGD LG

A0 TN TYCTER BLECTANAL (MWL TE% ([ FLACESE o *

AR i DEYECTR AMOVIGNS PG Y S
AS  AEROOVAAMK @RAKE Pt KLEAT SWITCH CONNECTOR (ELTCTR AL ) [
AT DT WATER WOZILE POS FEFLAACK

All CMlCR 8 WAK ALE (DT HEATER Zitd 1)

Ay CHECR & DFA® vl vl (k! WEATE  JONE )

AW ma FUEL FLowene Tt (xamY MROVDED) () LK

AX DUt FLATEN ULl SLAMETER {DUMEY PROVEED ) () (x.
Ay FUEL CONTROY FUEL FRIER (T

ZERR

FUEL TOCMPERATURE
AR FUEL LT TEMP 4373 200w 38 (D)

W DRAN
e oTaNk DRAN SOC 2OUNF 2B (D)
N TANK O.FAFLOW NRAM

GEARBOX MAN DL DRAN A3TY-20UNF-38 (B
WML DINAMEN UNAIN JTO- NS (D)

OL PUMP GEARRIX O (WA 2373 20UNF-38(,2
L2 BEARSM] COMMATMENT SUAP DRAN P30 %y 30T

oL FLow
L TAMR REMOTE f (LR INLE}
Ou. Ao TNLET (MAMGAL FILLD

GC  AEVERSER Pt INDO A10F CONMECTOR 'LLES TRCA )
B0  MFIC PUOT waVE VENT(SORE N COMTAENY

R Ll Pl INTLRSTAGE PYPASY STRANER
& vamaTis Tismary PROCED FOR ACCELCRORE HER)
Bl el CONTan puet FLEC LR

BHM  POWER TARIOFF GLARBOX (WD

TIBK AL RGTOR SOTATION ACCESS PAAD
BL  TOWER SMAFT OrSENGAGL MENY ACCESS PAD

o toveL
O LEVEL SEHSOR PAD

OIL PRI SURE 1 _1BP  sacomoanr am mreass pucTs (8 ALOO?
2 '
PRESSURE FOR TRANSMITTER 4178 20UN30 _ N 8BS FUEL CONTHOL REae"TL ADWSTMENT IWPUT (ELECTRICAL)
OL FLTEN #EY PRESSURE —— —PROIVISKWS FOR \RLESURE 12 1 g.ll.lﬁi _4BT  LOW ROTOR SPELD INDCATION (ELECTMCALY (X))
OL FLTER OUTLET PRESSUNE~ DN FENLNTAL #3717 201088-4 ([ !

OL COMER SLET PRESIURE 4375 2010 -3

Tjes.ac 6% rumet ewrcnon st (2 REoD)
‘ d t X . TUATURS 14 RN'0)
OIL TEMPEFATURE e, HX  DUCT REATER nOZDE &C
W HE23C,
MAN OL TEMP PROVISIONS FOK THERMOCOUPLE 4 Y75-2nun- 3 5 BY  MAN BURMER WSPELTIUN FORT (5 AEQD)

[:¥ WIPLCTION AnD ACCESS ¢ONTY 903

CA  AERODYMANM gHAKE  ACTUATOR(Z GO}
136,23C CE  COMPRESSOR mgPLCTION PORT 14 REQD:
T REVERSE THies! KOS ACTUATDR (2 AEQGD)
CD YD DISCHARGE FUTFR ()

CE  OuCT HEATEN FULL PUMWP MR EXMUST
CF TeMUST MEVERSCR MiTLROCK B fY

oL VENT
O PRESSUNE TRANSMITTER VENT #373-20uns-3a (D

Ch  STAGTEIR BLEED MLOT vALvE

CL PuEL STRABIN (T MAXT HEATIR TOMZ (HADF: ACES)
L IO was e pRESSURE SENST 3629 - 3o D)

CN  OUCT AW PRYSSURE SENSE TOTAL B67%-eé-54 1D (« B o0

CJCP ouCT vt PRESURE SENMLSTATC 228 duws sa (JD (€ RECT)
JCR  SECOWDARY &Mt VALVE SOSITION salaCATOR fi¢2TAXAL COMIECTOR
MOPOSKY AR VAL/E POSTION WNCANR [ (CTRICAL CMIECTOR
SECOMDARY LA DY WAL aCTUSTOR

AW EWE POBITION B v

GAANE FONTION VRLVE ELECTRICA

[ SRANE FORTION WLVE AR SUPRLY JR0-IAv 38
WRME FORTION WRME AR VENT FIO-ERAF -3¢

. TEMPERATURE  SUNSING
 TTT tumees EX'T WP (BVUAL)

ATT7_nuamg oor e e S

LR oy ~emeert

S .. I — . o :

Figure 1. Engine Installation (Boeing)
Sheet 1 of 4

@«
(g3

N O En Sa e | W
]

)

i

b
H
L
€
I
H




i CAYS WVMVE

CRL
AL ALY

~ 0 wOEAD) FiA
il
. T
" i
q ]
I
i
KA "
1
- R, T im 4 '
ANDAYORY CORNTTOh 6 2D g N 44 .
- WSTALLATION FUEL SY<TEM AF o co ; i
LT AL FLOW (MAX) ~ 1,000 L BS/HA < :T VRl } !
" = - i -
TEMP (WAX) - 338° ¥ 3 \\/ (T rom £y i Eoay !
PRHESY.(uax) - 280 P5G AT AN ! o
macts: (0 PRESS e = 40 PG o ! : [E
. A i P
HNECTOR \ELICTRICAL § - i X ‘! i
0o
. - G
K : #

SRS

|

|

| |

| i

|

| i

kel

i [}

‘ !
i

t

- |
1

et € T ! x'h
TR e~ PR | R k
i T < ! E
S . l .
- R
H : it
i !
EREE S
LcTmcaLt : i §
) ; L
| [ N——
! | S
! o
i
[ I -t
g
¢~ il(iq'l'\;‘yn-'/ ‘
e T < Y i IR A TR —
e B i [ T | e R Feo
i a
) ENG'NE ACCESSORES
“CACESH

I VIEWED FROM INLET END
: ) te Mg .

uLE'n" L4 ¥y

e

+ COMMECYOR
T FS0-SUNF -3
- re0-wmee-3 1 AD o ]
. . {7z%e6 9] L




N sy

200
.
4
N Lonmonar, ¢ o Lo
1
-
]
j
i
i
f
i
F——
\ﬂ_

e TR () I

f L7 R

i

b w.;.;-f

U !ﬁ S e ® , - ,.;-P.....L N Yy
5 “w ! o Fl|| /TI:«I i ,l.{lrl.M_l ,_ A\ Em
. l\.\ .cl.»
8]
B 44 4 g
5E
-t N mmw
m i
| ,Q - =
L i F
e 1 - THE 2
¢ | wm r ~ S
.y
M 7] |
g n _ d
i m B mmw
_ m_L rmm m mwmu
<_ i me B
i TN
Lo lee T Byl | |
R i |
B i
h i
i

SLET TAK FLOWPATH Dnis WO UDPI) SECONRRY At FLOW

BAIC G Dua £ XCLAXING AT TACHMENT
LANGEST som LENGT™ OF ENG
R O0A COC wiTH THRUST Aneg

Rs3 O6h AT A/F WATRUP

P St

AT ngtee TEM
v ¥)
V)
! “0‘67 7 TAX

¢ OF SPONTMOUNT
Ty W L 0T TRED

THOWw 1
@
®

0 GO 0 VUV SR i RSSO e e ——— -

T
v
i
4
t
I
+




iy ey
i
|
i
|
i
1
3
N\
] - TERTIET AR HLD'
THAUST 2 DOCR
‘hnm. || PLAc!s SEE
i
'
= —a20
H
. ;
B
i
i - ACLESS NVEL i
| ey
L
o
piivg

| o - TORCLE NECUMRESEWTS FOM AL VHALMED CONE STOnS
) © U ALaMUMAL WiTn .vu-tu,ru— PR = I ]
g— WWORCATLS DETMLS Y DORTSAA TLD

ATTACAHENT 10 ACTESSO8Y oﬁm FADS 17 8K CrORDRAT
X ARDROVED EY Pawh
! A DL O DRIVES wraCn COMPLY wl‘lb‘ AND STD R
@-l;\uvts A%t GIVEW 23 AND LTD DML ALL STHER i

NOT LY 2% $°) QT GARCHMENTS “RL 5 »th AS “A-
i Q’_M'"-" COMMECTIONS NXCATED 8 Jri. MUST B
VENTEC 1O AMBENT PREBSURE

SUPP EMENTARY DWG LiST LS A8LE LN MLARST)
@_I 2809 ALLOWABLE WMOUT & MANEUVER LOADS

| MSTALLATION

L 20296009 SLELTRICAL HSTRLLATKON CONMELTION (nhuSaM
@ ey SYSTEM MUST BL CCORNNNATED Wit

| —

2

l COMMLTIONS MADE E1FORE FNG OPERATOM
HERBOARD THD CONMECTION BOSSES WOCAVELD
(D3 APE WS IWAE (Y0 FDUCED XU} O® A0 > &) Trig
@ B Mgyt AT BE G STRRCTLD BY LEST THAN ALOUAODATING

ThrtmG @ Tumtes SOFLC v w5336 B

S 53607

THRESE COMMELTrONS [ib ACLEDSHEY DRl WD L

@ s avam kv COmlawe B4 ACLSSHT FL UG B O

H [ TR 24}

D SCUARLIELY. OTeatd TRABS MAY UL MANKO CLD T 7
RES WLTANT W AR A WSST (0 EQUWLENT 70 % GRE
Tribw Teil MEA OF (L ORAIN LINES AT YAED
() Mo SFACH FOR REMwW,

QD ek mr AL TOR ALESAOPE S

& ACCEy T ERRAM E3 1235 Treim 4D w03
LONMIMATED wiTH @ BwA

(D—spar QD FOR REMCAAL OF ITEMS INCICATED Y

rOSTUNS Pt e S OF FESTUMS suoww ame

CAML CONTAMMNG SUCH FEATURES UNLLYS MTHEAW -9
Lanamene

— MPANTONT N CENERAL AR oy PRGN Y5 oS
— reRATD v D aRE NeM *° mOow T

.
2
i
H




Pratt&VW'umey Rircraf
PWA FP 66-100
Volume IIX

B &

LA

5 TORGUE RLQUAEMENTS FOt & HIELCED CONECTIONS
| TO BE 05 ACLORDARE WHTH ARPROVED PBWI STAMOAROS
WOICATES DETAAS YO BE COORDSRATED
RIATVACAMENT YO MCESSORY DITVE PADS T73 BE rserears - P
TG mirew ALY BT P wWa
Jhst LA U DAIVES WHLH COMPLY WITH A%D 51D REGung-
@L)sg-ds ART GIVER AS AND STOD DML AL OTHER MW wrocw
NOT MECY AD SID WLOURENENTS ARE GYEN &S CALGA ATED
@{AL CONMECTIONS (NDICATED Y 7D  wysT 13
VENTED YO aMBENT POESSRE

EMENTARY Dt LiST (ki BLE \WPON RALST)
226809 ALLOWABLE WOUNT B HMANEUVER LGADS

INSTA{ LATION
ZiZ%G3 TLECTRCAL WNSTaLu Aty CONMECT'ON {nrdamans

L SUPPLY SYSTEM MUST pg COGROWATED witH
Swa

B—vt 0w OB PROVIDED Fom STEM5 WOCATED 8 [7)
{OOSURES COORED YELLOW WuST BE REMOVED LY
q}‘mn- COMNECTIONS MADE & FORE  ENG O hETOM
L CERBUARD (MO COFMECTION BOSSEY IMWCATED

TS CONMELTIONS ZRAW ACCESSORY DRivE PeD GOMBYAT -
Luen™s wouck Y CONTam 0T A CESSRT 1L B b on.
FUD. DOAMS WST EMPYY SEPOAATE FAOM 04 ORARS &
ITEMS BaUCATED £7 (¥ ) wrsT EapTy
MPARATELY. OToLR CUAWS MAY B WANFOUIED BT Tre
RESATONI FLOW ANEA WIST B EDVALENT 10 (5 (mbaTem
LTHAN TrE ARES OF ALL Damy LUKS &7 TACHED
®—5) vex wact rom RELO AL
WUCE MALABLE FOP LCCESSOMES
ACCESSUIY CLEARMNGES LESS THAN 25 Mut) 8¢
COORDIATED WITH P lwA
OPaE KEQD KA MENOWL 1 TENS woATED B (D)
SRS Tk RO Ur FLATURES e A, 4 oF
O{u: CONTAMMO SUCH TTATURES UMLESS OTIERW.SE
-+
(4-D:
A

)
IPANSONG N GCHERM W W EROFORTON T8 ooM
e BOICATLD by
WOCATED &
L DL ARE NOM ABECIS OTHETmSL

TEMP O,
ARE NOM LY ®OCW T

ARE NOW LT MAX OPERATING  TEMD —
OWN

ALK 8,966

O S Ta At vn e |

['PIZ‘@FRW'
..}".i&‘_l.j

s PRmaRs 1o
Btk el SUBJECT ||
TO CHANGE
PTATT & meTHEY ARCRay)

'
|
S
b
i

ENGINE  BSTAL L AT10N
{JTFITA- 218 PROGLK. TIONY

AL DBL AN AT ROUK TEMF (Xo S OTHERWASE  S0wN

T ] 212 9600

: 4,




| L I O T | '
i
: g

i sas wxw; i | S
hanlhad A uRG A b |
AL T i
B A KT T Cmam st 3 anr
o SHAR st P e 70w i 2
SPMEL RO W Lk e
an o TaE P [y *33

4
H A oM trm vt i
SCAE 1a
-

L
i T UATA
! W e crEEE v

o ne

P SsiE dhat 350
L1vE CHORGA. SPRCE

Wi L
Do BASL DA 1AO/EEY
"o
i FORM fub 1 X0
RGCT IR P TN

Frak T A L0b Wn
o MAMAI FULR A LS

kg

TlhiF Bt N TAB e A TELLONT Lt

s

: ' s i DA i
[YAZSNE T
H b gt 0k [ | |
: bt | nimarmae ! tE D osHen | z-ikmtju.l
H g . T o s RG] [T
: i YU I onem |
; . i :
; ' 9rimy ! i o
1
o l
i i i f + ‘
H t ) e 1 [ T .
b ! 1o !
I 3
H .
i N rebbes S VIS DOWRKL o AaeE el B ik Sedri
B bbby o ruen FMESSubt U MR LY IN Tunbied et Bl yrte H
L O N T T Y W I A S PV |
ol el |
' M Tl bavss A A ey fu et
1 IR et Dbl W DEUTRT 1L FR Y b atee
i i Ackbir e Tobsodr calie: dyooed Prfaind i

Hér mcABE b Uk boedvg kbl M KIE U8 A
( bet oae

Seerih Tn

bt Agat
Foaog

. M L
B T owiDPAT A K PRRALGT
SLS WA Mtaamt Toh Loty @ mil & b nrd
5 1AL Lyt MMM L nawi AUt STRENGIR T 4
3OS/ SRR Favadk dawy g BT
| : PRV Fwmgew tiggy T BTG

i LR SRR Ty AT DN e

ot e BTN e
AT A NN

S A SELT Syt MA

© Ay Ll Y v R

| E———

LTS -
LR T RN FATRY
ANY (TN THA' WA’y 8T
LT LU RS S Y
" LT
i i
[ S
(8] -
el 4
ERLIARTTY
) ArFRALL T feboat Ta ' HpaPEhal o
’ CIAEWAMT b 1A ONATId
Tar 7o
B ALY
QaIFr o DR
Aswgics st
- LRy IS T Y = -
- .,
A —
‘1.{ Y]
e o}
P L Y ST Y KT N
R 2 A SLTIN ¢ U AR 2}
PRI
-
‘rA ewt.
~ e - WA d T bl DERYH
! N [1Y3
bid
1
: A Y
.
e JAPER I4) [ ¢ l‘ i
OSEF T s ,
o4 - i
: N i ‘ [}
fA A i
[ i e
1
{
iae
1560k ik
i
| p oY
L ,l '
P !
. H i
PES [ i
LA
3
1y Agat.
Fqt [
el Yaet I e
e AR Y L] A hsitU
o b by I
; aEast
R ik
t
!
23
T Ut U A cwk LAl o.ap oale
Adse s itm g e TrAl uAt
wilee My oy b [T
NA cdrits et efatind
¢ iadyitha St teas by .. .
S MaTE d Py DERNAT A o !
Wbt Gt

Figure 1. Fnpine Instaliation (Bkoelng)

Sheet 2 of 4

r'nl' W LR
wa e (R
-

A ™ .-‘-1

Fidivia ek Wl .
RAY oA it o QN
[EYVREE - )




Tn
8 i :
] n
SPREAAL BEARING TG WATE WETH THTS DM, v O VERT -
0T WPRED BY PRSI FTT O BECK ) TO \ N
CE1OTSE MOER Y SOOI PO
FRgiR\ -
g ks
=
1708 FLOw PAT- DAY W
\ Aves,
=
-
7 ToveaTg

VEW OF REAR WOUNT AE
S MOUT VRTCAL G

WSE D S2REOE mvmu:mmmrmll:‘\“‘ VEEWED S8R0k e £ T N
PR B VOMTENEL AT NS TR L SCALE: DN
0 wn - D o #0 TORCLE | A AGARCST EMOINE MOLBT - Ad
FORM DA W50 LUGS oL OF <O TOZSOLD FAOM MM 00T 063 ‘62":“ )
oot s 2008 TEM? 70 CPUMTIM DT 008
o DM TR FIT TO OF ()10 BOL009E SCALE: 2

faig™s ® 003 oo

POUIER TAAE OF» O A

UGS AN CLMD TIONS.

TEMPERATURE
LIENATION
~TERTWAY 40 RGWY- N-COORS
o PUACES -8 macEs 224 3 MACES Foo
P27
- - PSS LI
Ay 1 ' win Fuil THREAD \
Sy N DT EATES N2 BE
- Th:S CONR ACT CUROCL: % ANY " WL ¥ P
- COMN THAT MATES wilu - -4 At
MS 302-@S-IPWITO)
—n Rt o
! N e
. = nORiZ &
BRLE SOLENGD i
1 DESENRTION s
t 2 kLAY,
.08 4
TER L MA OCWLL
1 10 .28 MIN DEATH -
PROVISINS FOR AEVERSE | — — wm— RLVENSCH
THAUAT ARG TeG O FERNG | GAS FLOW
228 2 LEQM THAT SPLSFIED W PaTH CLOSED Povs 10N - .
s PEAFORMSNE SECTION OF T TYP O PACFS . e .
ENGRE RO0EL  SPECW ICATION AT DOORS MOCATED B, J Lo
MY DT REVERSE 7T
CAPRERLITY
SOHEMATIC VEEW LODONG FORWARD AT PLANE [F (941} OPEN POSITICN
TERTURY AR & REVERSIR OOORS
O, TANK D%
SCard: v onEE
€ FRONT MOUNT — o
- 530
L
o
TR -
-
can THO

Pt A3 320 EXCEPY AS NOTED

DR (PN I




K Rl

95 (AT TR A M OATES
CS o COMECTOR Tear saaTEY
<8 T oS ROV S
-

G ‘awm Draw Lo
SCALE: dONE

= 860

[ .
PP N ST

—.:_*.

v
{
i
v
L
[
i
'

ENGVE 8EMD pomr

-3




. H.x _ |
L e

o= T
VI

PO - - ———— ——— Y

4

[oote e wm.arom

Oy AFTER SPECFIC COOMDINATION WTH P S0l

SPOCE NSIDE Tres ENvELOME RESERVED
FOR ENGHE . Jeev UNE OF THTS AREA FOR
ARERAML €GN DL B PERMTTED

Lnore

RIGHT SIDE vIEW

SCORSNR

c
APE wiw AT ks OM[RAING TUMP
AN v A e TR
i T 05 8 FLATISES SWR AR
s Of ~ASE (OwihidnG SuCrs FLAT(MLY

L 488 O WSl WPERLP D
(Dl DM Baavy AW NOW W ESS OTrENML SHORN

¢

b

%

MOLATED BT

~OAT M T
@

(T md WK ¥ OR 1 MO
- (I WMOSATES T
" DN ATEC &

P e

CINTLLINE

-

saew
70 oz §

>
ViEw OF FRONY MOUNT AE

WA T : NOME

3




Pratt & Whitney Rircraft

PWA FP 66-100

Volume IIX

V-

— ..5;,_'11“...1'1. LT

AY5 81765

SPCE BT Y05 ENVE L

QO &F 8 freeD

RiGHT SIDE wipy,

EMGIME . ANY U9 OF THS AMEA FOR

te

Sl N PERATTED
P

CURINAT iy Wl Tm

AN EQNPMENT
GRY AFTIR SPETFX,

e ven et acom e
il T

——
7R
o

ENGINE INSTALLATION

(JTF178- 218 FYnOuC TON)

229604
o gv

S

3
i
omumw
mmm
e
mwmmmmm
1ty
muuummm
JEiEs5
nmmmmuu
2l

b
fon

K~y

u_m‘ﬂmul”ﬂ'ﬂ“ Sl sy

2129601

DI




TRE POT % RELATION
wos (§r

e
O NOT Sugwsy TO BE PROVIDED WHEN AMMARE

L AN OVCRFLOW DRAR QUTLET LDR

Y . -
1 22 I :
RANE INIERFACE AT TACH FONT COURDINATES
M el - i'
i
!
; \ w
+ t -
+
o
L
T‘f D8z ety
I
- M , i E CETALS OF AEVERSLA ssoa
| MATE P & LOC TO DE COORDAATE D
LEFT SDE vfw OF ENG REAR vIEW OF F3G 1 & X -
LI ! K L v [ EN LY oWt (9E N
'
- +
}
H MATELLE COWL RIVERSER SUPPRESSOR  MATE L@ Al owabBul L w0
- £ + TE MAX ALLOWARLE LOALWG AT WATEUP 1S DEF™EO BY (10
L
. PR
r . ‘ R — -
|- i E . — S .
b + .- . PRI pu— - 4t
— . . . + - - - .
+
1 o —_—
i
w A1 1L 1363
T
H .
COmaON FtL satl France Fl
LS S SCALL: MONE
I (DETALS OF CYRSY Wi, SEAL & ALLOWABLE
LOANS FOR COMMON FULL HLET TO ¢
L CORTINAYL 0 }
rhl ALLCERILE LOAD &1 F1 SHALL BE DETLRMAED By \
| e Eouaron GO WHERL wOCRENT (LB Wy |
— | eauAL LML A8}
| V-SHEAR LOAD (L8} ]
L TORGUE (AR} T i
- R o
o | TreS fratwe O
i L THS DS 1ANCE i )
oon ~ Y
H I §,0 — Sra wAX LNALLOPY FOR —
- A INTERNAL OB GulNNITY
Y TRANGMIT TER
' -
1
2008
3 e
2 HOvES
LOC w7y DOR R OF

ap

nf vveav

Tres LONSLITIR AIIMMO0AT S
ANY (OMNNLET R TRT wATEY
PN DA WERTE S 1)

WCNITOR LA MR B (OVMCTOS
SCHENAT OF oo DESTRAT

< oo
T LI -
6 LES X wWiTee
DOS R (F TRUE PR

Figure 1. Engine Installation (Boeing)
Sheet 3 of 4




o PEOAE ENVILOM TYP P PLACEY

A%0 MM R THD

LTI AL CMDOATES
TR EATES
BT 14

T EUC CONNECTOR
W P DESGRATIOR

SCHEMATIC

YW LOtRING FOWWERD &7 oL aMe ) T
TURBRE EUT TEMPLRATUM It ES
AT LOC WOMCATED Bv /8P

Zh hv4
. ML LEVE SEnsOR LLI
bl SCh vt
e cAnasra aze s
ANV COANEC TR TwAT MATES
WiTie M 300 20°33P
TUARNE X7 TEMMEMATURE THERMOCOUMLE
SO MATIC OF PN DESIGNATION
L SCALE, 271

/-‘(DCE‘
/
" /‘FTI
aee e T
h
‘ Do) MAR B UBE
-
/
-® i han-360 MAX DU

. \— TP OETECTON
MUG PROTRUSION

VP Gsr OETECTOR nEL st Tiwe FTH
oTwEn LS (&)

RELCRGNE

MAR TOROUE 3P Le w

~ f Ut orr SRUNE AR
! MAN BWENT T LB N

TONEIGUNETION OF SELINE

DWELTION OF MOTATYw &
| 5N LNG T BE COOMMWATED

P— - -

FreRs A Al g 1)
On PRESSURE TRANTIG I TEA & TEWPT RETUME AAASS FEOVISIONS
b TRANSMTTER MUST CONTAIN RN DRFICE MO LARGEN
THAN 40 Bia AT ATTAOERT TO ENG CONMEL Ti0N
2. W OMRATING W FRESSURE 45 PG

3 Man oo TEW- 30 ¢
4 TRANSM®TER YO BE ENG'NE MTunTED
PROVISICAS FON AT\ ACHMENT ()}




RO? TOMNFCT FOiT
IS - ovgR oy )

A TUATE SECONDARY AR V(g

o FUR 0N

i o
i |
B | 000
) H MRIRG AFROCYI AN RALNY STROw
ACTUATE FufL Swut OFF L 1

° s s AR \
WA TORIE YO0 LR W
| AN WOMENT 250 LB W.

\
\.

CONEGURATION OF SAUNE
THRELTION 0F ROTATON B Ol AT
ON ENG TO 8 COONDIMATED

D -
- e U ENG ¢
s 564 e FAL T - 1
i 7 eoTm gaos l\ . ;
i
A I‘ i
"
mo
BOTH ENDS
~ENG VERT G
TR
/

BY Locamn

M DUSREN SUEC TION FOR T
A MATYE vilw (e FASwedl

@ PORTS EQUALLY SPWCLD
WAL N

W Tl EMTERUAED MO0

b PoaLrs

& PLACES DX ATUD @Y /17

g

so ¥ |

PORER ROL AU

MAX NN AUVENTET N
NN OMENTATION —- - -~

S MU A K RENT DmaTES)

b}

as

TS TR FOR ACTUMMODATTS

ANV DNNEC TR THAT MATES
LRI AN

AEMXNANG WAE POGITIN TR N

GrEmatn (B DESKMATIOM

vy v
H t
. ; }
' i
LY ' ! i
3609 .
i AT !
i e H
T T
R VoS00 WA
l P | STamL
Lo
18

MAX AJGMENTATION

B3R APMGALAH WS KNGEA T 8 CASE
LOUE TO TOL ACUMALAT TN

TrriorTs

- b4

=

l
4

ot

bod s

.

F1T

L i

IR T

P

Er !

Lo !
joie

[ W S T SO
A 8 C DT

DEVIATION OF (ASE § FROM lnr,‘y.l
Ot T PamALLELISM I

DATum § I 3 .
e \ I *,,,‘,” )

OUNT- §

MOUNT § OUE TO COMGE TRATY

] L-'ﬂ-"—w—d-—u J




R &
_i
[
i i
: - i - el 4 ! .
1 arvmar ¢ _t x i
. Fd
. Cnd
SO IC VIEW LUDRING TORWARD oK.
o AT ocanow .
. 1 B
- . 060 ®
o TS GO TOM AT OMSANDATES
A3 AT EONNES TR Tl matt &
Wrie S w0p s TEW (B0
s ) - -
AT WRMODATT oy
o rat MATES g WET A AN
- W e Fa RT
10w SOTOR ARLED TRANSIWFA R Ml L A mpg SR

TN TR
TR

TR
PO

THas CONNESTOR ACCOMMODATES
ANT CONWECTOR Tral MATES WiTH
WS 310245 . YoV 2700
SETONDARY AR WAL POSITICH IRCKCATON SWITOR
SOAMATIC OF M DESSMA 11

2.3 -
O Bl P PANE

CABW AR BLEED Mo ?

wan (AVATIN OF (2\ § FRow Q OF FONT
HOUNT DUE 1O 1anALiCLISW & CONCENTRCITY ——
[ B

[

MAR AL DWARLE L WOT i A SLLLL FTE
Ta TORNA AP ED TR R
Bv Anikl MOUENT APPLRL
B34 TIRTIMERENT.AL e w
VI VH APELIRD SHLAR LOAL REEE S0AT FLE N

ANAL B vERT DA TIONS R CPECTIELY
P APPLIED TENSSW LoAD

UTHESE AME T¢ ME USED AS P05 11 L VMUES)

& LEVIRTION (MOHEST

FLANGE STAVIOM

LEGERD T““
e PARALELISH 8 CONCENTICITY
PaRA, LELISM
CONCERTRIC(TY

1
- Vs — _o
) T MLIwMCE BRILABLE POR RCLLESOR §
N BA ACEIIT CLEAMANCES LESS Tman /S
- RONT TABMS MR RLITR BOat 1 1 BE COOMORATED WiTH P8 WA

wonos - ey A - Sl fON REVOWR,
G- nOCAES DETar S TO 51 COOROIATLD
DI LM FOO YALE O3 OF C LAY S Sealde

=ity

DrAi e SHOMY A4 W PSLESE OTrgMSe Srowm

Y. CE A OLEED AORTIARS

i ] . i




FPratt 3 Whithey SBircraft
PWA FP 36-100
Voluue III

— 5 1 N

- A e dmbaeTry

LRSS

BT VIEW 100NN DRRR
of BT Locaton

Tieel MRS
5 i e
¢ e - s e
i MAX AIOWASLE LOADY FOR A BLLEC PORTS
| T TORRE LPFLED TO SELD PORT FLE
L3 ALAL MOMENT APRLD AT A6 112V,
H e = CWMCUMFERENTIAL Wwa(NT APeL.D At "LG - IZV.
i \ivze APFUILD SIEEN LOADS AT SLEED pORT #
P ANIAL i VERT D TIONS RESPECHIvELY
i P o AMRLID TEASON LOAD
t (TRESE AME TO BE USED AS POStTHE vNUES)
R —
i -
J
!
!
:
i
o
- e S —

AT R BECD PORY M

™

r

i

—
wOrk Q¥ A B D0 |

e -

LT ¢+ L W

W2 & o e

Bervy —

.‘M LISAGDE AL AR E FON ACCESSONES 4
T Kitsson w1093 tan 75 T R T A et ot I
penp BT T b o = e e Sy (R e
- s priid P e T T ]
LOAS O-wwu OE1ALS YD BE COORMALED pornn o S Eien ooy J—
- i LA IOR T Ao v SLASURS SHOWN » ]
e | W CENTERLALS OF CASE CONTMGNG SUCH
@ AUNES DRESS OTHIRaSE edomn . — ENGIE INSTALLATION
b D4l DaL BTU AL WOW WSGLESS OTHEAWEE SrOwN T LTTRZIB PROCUSTION)
T waan e | e m Tem] - "f\r_‘f‘-—-
mrni TRAS 22350
L o 3 = - I

2129601




Pl
| e
i [y
i Tt &
i oox Sagoor
! b7 TOENGHE L

'
'
!
I

£
1
1
'

i

€5
s
FRONT Ghn-a) —w? o CROnSHN AL
oion [ ot
Toi 4 (5
SCALE 1eZ
o At -
- vRre

11

an

-
2.6 Da Tooes
S HOLES.

=IC AS SedwN
c s 030 2
oF TRA P05

i - - --VERT &

Y—‘ - = 15 L - ‘L’ l\:ﬁ.l.e
L e S oo
L0C wil rre 0B & ot FRORT wainnT v
\ SR VLD P 3T 00
\ o/

OTAR WOUNT REL
VEHED PRt T TN
SCME /0

FURL ITRAMELR LT HESi R ee ot (L
T rLAES
AL i)

Figure 1. Enzine Installation (Boeing)
Sheet 4 of 4




- e - - [ < SR S e s
[P e o e e = e g — N —_— - S U PR
16 o ,,,,,r_. I e _a . i : 3 1 [ T
a
A ) %,
-~ R S
« - - 3L PROVOED TR
- Pt RPATION RS (i )
~
.
I
- e e E e e sk .
' {IIFOR tmL €T pOLT
i Atmovar =
. 1 3 Vit HO
i 7 MLER VI3
' K SCALE 177
i 5,250 Dk
! SECTIOK - Jurg)
i 1Yo 8 PLACES
1 SCaE 172
. ! .
- H
e .
FUE G
VEWED FROM ILEY EN
/¥
i
oz &
7 P .
aml LOACH, FOR LT FLaNGE A
2 j
- l
’ -
L@&n B i
: 1
i
P oAxAL LD !
Vi DE e aR LDR0Y R
VEAERTCH SEAR LOAD i
WYKL BLNDEL, MOMENT: !
WA RTCA, SENDING MGMENT» 37 cax: w1188 \
TrC5E LUADS REPRLSENT THE LIMET LIAST
TOSE OSTABLUILE Ty FLAGE B ATTAMENTS
BND DO NOT OCCUR Sna TANLOUS, T 1
. — N
~rER 2ONC o CL
g
« S S . o




o - = - - T T B SRR e e

— S —— o= ey . B
1 10 e . . l ] B t [
T
CQerBSET MOLES
/
A 0k
2mngs -
Y
T O30 OF . i
. POS N :
2,980 R .
>
viwh N
115 4] We oo N
viEw HO€1
1rra malES M
SCALE :1/2 <
SoRz g L e !
- DT Y-
€
LY
fLance A '

SHEWED FROM MLET END

fuanet £
v wED FROM LT END

Foaiw Fuiae (YW YRT fpree s PLANGE tLANGL SLMdL

F S H J K L

£

e e i e =T B

M
"—ENGINC REFERENCE PLANE




Pratt & \Whitney Rircraft

CRCLES

BF
ISPACE  PRO.IDFD FOR v BAATITN P UP (R -}

4008

REEST TN 7Y

1 HOLES

68 ninEl ON TnE Fa “F
POHOLEE EQuALLY SffD &

2 ~OUES OFFSET S Ancwrs
N WONCLESs OMEETED R LOC
LN WOICATED BY [y
- AL D0 WOMIN N0 B O
THU FOS

hRi N

o

@ (% o CaTES DETRNS 10 BE CODRNATER.
WhERE 1T S DE LG THAT pawa e

[T tntine evacimon + ke ows w

m

v DAICMEE T ATIA0M G T C

CF Telf FOLLOWHS. AC'ERNAT o FS MaY AF 35000

QA ST M Ie g ErTy FD T RS TG W A

& sme s 0arTER - £058T B wan AT TACH
]ﬂ}"ﬂﬂ[‘ PARTS WAy B PROVIED. Skre AS STuDS

1’) Al T CUS OMEn RRbT AT BE a55Fhct!

CIPROVGANG Mar BF WADE N Frm ey PBwL

Bimed 13 Ereapil 114

28 PAKT

Aus 8,

- ~3a 1w Cws,
BIOs Onoat WSt 37 On

TR EPCIPT Y
WPl Teg CUSTCMUE BRet RE JLBELENTS @7 AFC [P
FBwA wii PACPRHE A FIELD SURVEY SHOWING & . [ 8e0rr 3 acent ke 30
BRUTE, wity abil i M NT YA AL e WG R N
@ 5 0% ALL Vb RESTS Fro TED 64K (USTOMER L3P ar

NG OF Phetigy® TR ATUPES

SUCH A5 HO.L LDCAI ONS, SITES. TnR{s7
CALLTUTS. ALLOWABLE COAD Al PHOVGION, £ TC
(P8 WA DOES NOT FERM-  THE TUSTOMER 70 BEMOAT IR
SLOOSEN ENG BOLTS €1 DM TR YO RSTA: BRaTS

e T

S OTHEH HARIRMANE FVTTS T-& CUSTOMER wa. PF TR0V ( e S N .,
@-I(:mew WITH THE ENTRF BB« REQD, OB WiTH SUTARF P4 e el s
vis Frb LT TACING 45 -AHTS ity T STIwBAG T -F o v—:__*..w-‘?_=
. TBOLIED ENG 4SSV iy Tk T
Fr—ALL D SHOWN ARE NOMMAL UM ESS 0Tl awisl Sroww -’mm"‘""
@~ ) AtTECMABME FOo weta ) ATIOL guuTe jewidall .

rihivas FOR TRUE FU5 ©F FELTURES SnOen ANk
®1cn«muwt OF CASE CONTAINING ACH FEATUNES
NLESS OTHEAWISF SHOWN
‘D"@ ASSLABLE Tib5C BRATS Wiln BEAD TLwau( - 2aH
Lof EMG

[J A
'aﬂ___._n_n-._ i
. ENGING INSTALLATION H

SThi-AE L TraND

o Taes |- 1 229601

() S BhmTS ASSEMMLED ON REAR OF FLANGE

oz XEX) |
- i

2129601
Bl

DI-9




I ST T S

LDLATION
e TG SMEL 1 O SHEET 3

[
|
b0 ' of
ng .
"o ;
3 i |
—- '
2L !
(3 FU—

1]

30,208 0k b
%C weas K7
EE3 LPa
Tt ac ak e
; 0 Wer
S o A e Bl
| s¢ a0, 1.c {LTI
!
alp .- e
3¢ vy
e o
’5 »
1
a e}
.
b

Figure 2.
Sheet 1 of 4

En_.ine instal

ACCETSORY DRIVE PADS st norg e Bay

FUWEW TRATOFE- ACLESSORY (W
POWER TARKNC £ LS iw
TACHOMEYER MTC PAD (hg) R

FUEL DRAN (0 £ 702 nY
OGS W CraAmilet 0 FUEL DA 3425 - 1hue -3a
DUNP v Fill o ORAN TS0 st 34

OULT MEATER DUMSS yag vE DRAM (TOMF 1 P40 GUNS SA
LT AEATER DUMP WALVE DRAN  F0WE 1) 703 HUNS - 14

FUEL FLOW  rr noTE 1)
AN FUEL PP & DUCT REATER SUNP SURRLY W ET (T
MALFUEL SLOmM TER S1Pe0) v g T
M FUEL £ OWME TER SUPPLY OUTUET

LOCAYON

wait 2

wErT 3

OULT MEATUR FLDWGMETER SUPPLY RLET
DUCT FMEATER FLOWME TER Sulbbey QUTLET

FUEL VINT
FUEL PulP CUTLET vENT 5625 @UNS -3

FUEL PRESSURE
M FUEL PUMP {1 PALSSURE 8675 18uns - 1 T T
FufL SLTLA RLET ARESSURE - VOIS FOR PRESRAE
FUEL FLTER WTCET PRESTOE’ CDIFFERERTIAL 35 2UARMS M
FUEL TEMPERATURE
FUEL PLMP ML ET TOMP () 4370 2000 - 38

Oli. BREATHER
AN 1L OVERSOAND BREATHER (¥

OiL DRAN
O Thtwn DRAN 01 300 - BDUNF -38

WA L FiL OvERFEOW DRAIN
GEARBOX wim O DM 4373 20u8d 38 )
O STRAMR ORMN T0-GuhF 38 7T
On AU GEARROL D1 DHAN(BH“O\M 3 (G -
1.2 BEARSNG COMPIRTMENT STRUT DMK TI0)UN 34 (T

Ole FLOW

R VAN DT (mAMMy FILL)

Ou LEVEL
O LEVEL SENSOR D

O PRESSURE
FHELSRE $OR TRANSMW TSR 3175 20UNF- 30
O FiLTEP BLET Iﬂ!!a& AHW SICN FOR PRESSURE
R oy M\JUP-')M’

fa Siaeb i g Vg

O TEMPERATURE.
MM QI TEMSYRAYURE - FROVISI0N £ O TMEMIOCOUME  A37S20UNF-38

OIL VENT
CA PRESSURE TRANSMITTER VENT (5 R378-2Cums 38

SLiw DRAIN e Aote w (DUECED QL

ACEPSORY DRVE OVERDUAL  DRAIN (P TO. RO 4).582% US04
ALCLISORmY DAYE  OVERIWAL TRAN (YD MAP 4175200465 -3
ACCESIORY DRIVE OvE RBOSAD DRAN (FUll PURE. 56251 Unt- YA
ACCESSORY DRVE IVEABGHRD ORAR(TALY M5 8625 QUNY 32
ACCESSORY DRVE  OVERGCARD Didme THULL CONTROL] B2%ums 1

HIORMLIC BOF JeAl DRAN 5625 Buns M
ACCUVIONY DMVE OvEMBOARE DA (E.C.3. DAVEL 5043 TOUNS- 35

TEARERATURE  SENSING
Y. RAT R U F )
TURGSS T TEoPURATURNE TNONE:- W

o ‘
CenpDTFETFL IO

PET

IEalaTaTSreTat)
Iammeomn

T8, “MRE (00 id. . aAT-Tw1

Ad S| U

AN AL PR P TER -

Mr SEATEN Bl O COOLEM ¥ JEL SESSURE BY WSS wal ol

O Pt St IMI‘M T 4
Oou Faith [
MAN FUE X OO EN

YA NT LI Y]

NAR ESROR

TN AR

GELTIE A PRESE ~ T WAL vE

v PR G LD Sal K

UNLTUAD FUle £ ONCROL (AN, ALCME NTA* 0N, B WOTT0 LY
TUCT FLt. TURDORMS 2ONTX vi v

A LET DASSAGE

FACTFR am 8 (XY Joerion s aroe
G TER PG Ay ©
RACTER 834G (OUC T
EnCang 5T MOUND
Fraand PEAR MOURT iRy
FUEL PETURN T At s bk
TOUMD HAKTL oG ARE &
THOUAMD ’*l'd)\ G MLa upear
POWER C TR
ST OFF COhTAGL
OUTT AEATIA MOZELE POSICO TRAMGCIALH L UNN TE F T

ENGAE
Gt |
TP DETE T
of fexrengs

3.a

Te T IRLEY TICAL

¢
LA4 T g ATER ZOW
DTN A CUMP VALLE (T T % ATER N
MAS E A FLOWME U MY Sa DED. -
UCT AR I MV E ey DY L
Y3 BUINS -
€ kDU ant WA G A

Y MG A MR VINT L

AL SEASLR Pusi Tl om0 TN kT A

BLEED PLOT VALVE SFAT [WAELN COV.ED)

Pk AP NTERS A BiRASS STRANES £

WVBRAT N MOUNT (SPATE Fovn (€L 1 H LALELE Rt

FLE. WANTHOL DALY bor0 FuTER

BWER TAREOFF EIREOY 8%

AERT YhUMI  WRBKE A1 TUATCH SEaL L i 625 s "N AT
Atk ROT A ROTATKE 20CLSS PAL

TOWER SIW T ONSENGAGLMENT ACLE 53 PAD

MUCT HEATTR TURBIPUMP M 00y §R SEdy ana A2 BAS W DG €
GUCT REATER FUEL 1A S DRasy & £

fuk Viw RESS TE ADLUSTIENT neUT ELECTRIAL
100 RUT P SBEED MDA ioN L EC TR T Lnp 4002 1
QUK PRESLRE FLAPPER DIUNS
OE-OU Y ar ¥ aTrR

TURBNNE NPTy, POAT D ROy
DICT HESIR NOTZLE ACTIG WS 14 W
©pukNER SR Ty TR Y
K 8 ACCE 53 ForTaR)

AFROCVAAY C ARAKE & TLATOR
COMPAESS R aytiviy ¥
Beaomy T TR T AT AT e R
HYDR AL AR ¢ UTER ()

SR ST

: BTG SEAL AR VENY B
5597 3HG A 6aR AT B ‘.x."-i
e ars BLELY PILOT AdiE
Fube aiumman L wAT HATEW JOM -} _
M B R S5 SENSE N6ZD NS 1k (D
DUCT A DI Qg “EvE TOTAL WuD duhE A -%_-4 -G
" o € 562 Jaa OB

g RS R es a4 T 8 o

Oy GRAKE POSITION WA A Qe 'nu COM
nmovuw BPALE PCSITION Wi A0 - 1
AERCDYNANSC BRARE POSITION WALVE Aw v(m " vsce w-u QL

N S

lation (Lockheed)




" -—«»-~—»~~—--I - "-j? T 3 T L [ - —

e e

B Ay BE L ACEL
ALTERNATE 805 TRW .
o 9. iy

“35uE BY-FA3Y LVl i !
HE

DECOURLER aCTuATOR (BV) (KD - B - .
OECOURLIR: TO BE E51CTMCIL L ALTERNATE IS T o [ T S N Ui
e . . RUTATID 90° 2O OWNECTieG TUmN b4
RECOUMLING TO BC WA e . 3 MOTATING GEAMIOR ANOLT ¢ v
- OF PVWER SMAS T g THOUT

UNSEATING 3008 DAD Y7
AN PLACE BOLTS & TUBING

i, TN

LWIT LAY PR A TT FaAsd A
Foaxal i Er
W WMENT AN ARG |
P A |
HeLIAD PY % NRC1s Akt P2
s A
s 30 L3 AR TRUAFERENTIK WOe
I W 30000 LE ~
| wsco.m
i

-
|

e e

- N L A

Gorox AN
TVR 2 PLACES)

_._ At
RANCATTRY ¢ OMRECTICN T
I oJiNsrag,atew FofL 3rstEse-af
] fLGw MRS 1T 000 1 65/
TEMP {MAx) - 328°% ¢
PRELRINAT) JROFS.G

PRESE (M - 40 PSI1G

21 € ROaE TEE.

RILRTY LB T AN

AR 23RS S JE

o @Oron B -

000 -
—g a8

0800 10 FnC &

@ wom 20—
¥ MLACES

RT3
w5 3 (Y4 mgo
wo-ta (I s muc

ITACAL CONM
MARLY - TG U
TENT- T30 HuNF-

I‘\ v 04, AR
7 e—B

P

NGIE SLBLEOY
ok et b CON TROL.
SYSTOM COWPORENTS

- [
FD— VIEW OF ACCESSORKS Ao
. VIEWED FROM &NLET END o
” B PR oL (VO
ar ]
K;’ﬂ“c‘; A

Ji7oa
I -

N — - U
——— — oY T




T

M it B T e ! k4
— e SO S -
moL
{ - s e e - -
! | R— B , ~o -
i ! (i R D APPRCK Ly A ANATERAL - bl
‘-5.10 + ERVS N Y N Te e UYWL ST P P IR .
1 - {
' €75 POWER a1
: -~
y : - [t iag d R -, . -
roANE i At LanF FLANGE cLaRGE  FuaN nawGE Foanoy roaGe L ':,7' -
: 2] < F 4 " Rl x :
’ ! vewFar w
S—-- 1
Franoe A

L TN

Lak vz

=LA WAL WO

ol
PSEEN

.
S, p—
»
223

hw

Q AR wOURT —

e lv-.tiffﬂu QEST o

ol TG TEWE | a1 ¢ om Tewr DESA N0 y )
Tre [} \ AeaprE —
e e — i} WUCE INSIDE TR E ) (o PL RESTRY D O Lot B e L
e LML ST (AL RALRAL FROMETOM FROW C 5 ENG H MY USE OF TS ANEA ¥ ASETIAME [QUEMENT T
S PSRRI R — i Sen B DEAMATTED Tt AF TER SPECHIC
W LT CASE FoDMPATr DIk : L wEIRAY WITH PR
-4 .- - ————— — - = - —_— i
ACERTAIC WiTe ROZICE AXT AT AW RAME NATEWS H
; : T 4 Ve
BANAC FING D1 € 1€ UDING AT TACHMENT w0 Eiv s eay CoNTAL
- B I T = SYSTEW mbOMNTS
| ARGES? Auit, 3 NGTH OF KRG [ s
-t 1. - - PAOOUEL THOMS & AT MERT 1 daev Mo et ¥ )
i OF ATUUS TABLT MR TS IN 138, COBTIONRE AT, |
B Tl bakx DAL GIVEN




t
1 LONG: T maL -
©OF ENGE

[ )

H#s9;

I3

Pidregs g

Sase 1D 4 FoAME (D oee
Set wnlEs
— L Py Aol
+
5. aHGE : i :
M W0 .
H : ] N
: ! [ £ X T : T amsyy
. : 1 i " -~
e i | . i S
I |
3 J G
- . N — == ___
- . | R ——
- ’ .
et ;
- . - . ‘[ - "
b R R
- N : ——
o ! H R
f ! TARULT MAERSIN UOCK
. ; H TYPICAL 1V Py S SEE LOC ey
i :
\ g
. ¥ T T —
ool
. f i
: I
b i i
. if
Lo o
e A

|
4
1

Pratr §

.
SoALy O oy SR e
B E e ey
D weains G NCT M

Loaoemdn t L

& " owm sesrtu d
Wt omar

Y CLOSRES Y

B e ancs e

1P Eiive QoRee e

- AL OVEPESARD T A

BEMCAVED 8V < |
O TARATECr DTeb & D
PLow AMEA MUET 8 L

OF & DRAN b 40
A TSPACE AVMA ABLE ©
W AT ETITES | Faman

© N COOMOMRATED entry

\ (G Ve sPacs rom oy

Fr— SPaCL g ORED §0R X

- DATAS 10R TRUE tx-<

Fer TANTER S v A

UMLESS T ey of

(i EPREOAS N Turea

TO Row Yeee

4" ODMacatiom 8 |
3 DMUNDKATER B A°

3‘»»&; OWEABIONS 2 N

T AL DENGONS W A

q

X LT
o

RIS WE I
MY L MO e

i e
~
e o 2RSS




TARY AR S 0w N,
ST RESFRSER QOOR
AL 1T PLAZES SEE Lix aC-y

L L
]

I |

&

»

kel
®
&

el ™ TTONS WADE BFF RN € NG PR RAT

Pratt & Whitney Rircraft
PWA FP 66-109
Volume 11}

1

TORDUE REQUSLMES™S €00 AL kL aTET . gy Terors

AN B L TANGATS

NaTE

2 O M O RONATED

OVED By BRATT A o ThE s g R2t -

ML DOl DR FS W (YR Y ey LU iR PPN

WM NT ARE VN AT O ST auwen s A DYeg

DR WNITM D T M T YD S TAmpaaem e QL M TS v

GREN A

ALl Cow. * oy

VENTED T : e

SUPLIMERTART Om 1157 UG ABL L -0 WOLEST:

2000 ALUWABCE FLIGHT 0 1n; A G RN NG

NS VAL A7

- onoan g AL NG LATION COME . Tk 1z Gas

. PUIL SUPRLY SYSTLM MUST BF COMRCmaTLE

S VRTH PRATT A wetTNEY ARCRAS T

§7TLOSU L CLORED YL Om AR B REMCVED a5 tecmg o
~

-

W YELO LOSURE SROVARD 18 4T s (B i
1 ML CVERBOMAD THW AL COWN E0S44< SEICATED BY
ABO DR R WCCRED NS W Re RLDET
8- 7

ﬂ)“ TASE CONG (RN

$ 1 CENTERGRLS OF AN cyw fiuimivg

TUBOG SPLL K a ae a

SSORY DAIVL TRD COMARATMEN S

M MY CONTAIN BUTH ACTEXSURY 4 1) AN ENCNE

1L DRANS MUST EapTy SEPARATY ‘kwmﬁmﬁmmm :

INDICATED @y (" WSt easemy H

SEPBRATELY "R DA% seay W Mot (x K0 BT e BEQY Tent :
{

P PLUW AABUST BE LOUVALENT 1O OB G ATER THAN THE AMEA
T OF AL DR LIS ATTACHE

CEES ey CLgaranT
B COOPONATED WiTh Fh
€5 WMy SPRCE FOR RE MO
SPACE AEQULE D) FOR REMDVAL 0F TEW wOnATE DAY
DATUMS FOR TRUE P8 OF K aTuRE: Y

UNLESS 2Trt Rwisl Serciumy

G EXPANSIONS g GERG ML ARE N PO AT

i

¥

1O AN TLWE Dii
Dxba NIXCATED B (B° AL NOMNAL AT ROOM TLWR -y
i CCATED BY L 1> ARE NOwMAL AT MAR CEERATING TEMS '
AL s NSONS A MOMINAL UTLESS OTrENIIST SHOW N :
T AL ORENSOIS ARL AT AOUM TEW We.E5S OTMEAWES Scen |
i

i

i

!

|

'

]

!

{

[man o e carcms o

| e T e

e
BEETA Fiamgs, mawty A

. e

2128101
DI

DIi~11

!
i
i
;

S




[2
—
- g
PrIgr
$80 -Peumr -3
«STUDS EQUALL Y
SPACED @ i0C WiTHN
13 CWF OF TRE POS

-vqu(_- NWMENT 1 8 NG
FRAKIAL Q3 [HILE)

i VePLAR LADCEL

T2 TORQUE LB th)

&
1
i [
. []
]
L ) ;
L Mo
- o A\
i i [ - - ]
i . -
TOMMOM FUF. hir ¥ FLARGE F I
SCALE ACNE
IDE TS OF  usan, SEALS % ALLOWADLE
C LOADS POW LOMMGN FUEL LT B1 TO BE
COORDMA 'L DY

roc
AR DA e
~

8 HOLES EQuaiur
SPACYD @ 1 OuE

OMT LT 2 - e
LOC wiTroh C0 A

% TaK 205
MUEN e
TONVERTCA, §
A ‘.
AL
1o00n s

wix ENvILORE 1QR - — et
INYOANAL (& ANTITY T -
TRAN M TYER -

2530
oia -

Ou. iEVEL SENSOR LLi witwEQ FROM fana ST END
SIALL

TACHOMETER (vt T
SCALE 173

SHEPERL T

L Diumax R

1 23C-2@LS 3A
: SN Ful Tro ¢

i bl

N T oA
uoo L;...... . !
oo rw H 1
1 CrHAN QUG X4%t b 1
-
oy i
S DA 1040
CHAM 7Y e —— - R wax
s
e 080 . e .
h [ L oo CASKET COMPRE T D
e maces T 20 = ATOESTOS SMEET
- 1098 - PACRING

'W\.r nmuvﬂ' n.um.on ‘B[ xrusm ORVE

. - TATCN v o
TORQUE (B :
o - oy | ToRauE R S oveRans | .
o | use LT el eroll e CVERLOAE TSTATC
) % weny ;
a | Bowes sruo T
L] T ¢
3] TE e =0 1
g T Qec ] T ;
C TACh ¢ ? .

NZirems 7 e

JCTAM COWANon T ! ke s

DAMEC TIOM % Teakd T ALTAT faler PG LW
AL ALOWMN T UNTHRRUS  TORGLE el ©
TR O UMD MG (e L
TORS- e L ATOR A PR SHNT

v e
A L

TR L0h s
AN v

TUMES MTAPAG VROM A Ehau

[ ALOWMRL Ov A BEROMI BEACNTS OF ACCLXIMEN MOUT DR 1a0
FACH am A O PAVOO ) OF TMXTNT UREY MRATNG PROW ATCESSuRY

t vimarca Amg peg
d__l-u- ALOnMAE KON m( T QOn aree 47 FUR O RTckas
1O DaVE AL ADYOLAE  STRENATH YO Au.-mua A ACmuk 1TARTIG
TON AR Y YO ln LAY O L Kb 8 A STANC

TR Y T 330

800
VO EMG RCY PLANE

3809 Ma

~ Y

anec

FT -0 a0 mFY AT e &

TA%40
Ty VtRTCAL § ~

= ———

H [}
w050

an ARk (T L2
VIEWED f RGw Exms$t EnD
SCAE

) ORI IONYAL

LU
P T mLOr
Whak XQ:OR
TR PGS N
RILATION 1O OA LAY
SPCTFALE B, s
n e PLALES

LX Y TR

SCMUMATIC GF P3¢ DE SIGNATR &

4000 D

owr e
BaYl

EYon
ant

e

SCaLL NONE

PR

O SIGRATION

Figure 2. Engim2

Sheet 2 of 4

Installation {(Lockheed)




o0k
LYYTIY.NY . CEr™

2 rﬂ 250 Men

Lo

COWLE Tang 5

OfrvE PaD A
Al vt

WA LATION (NFORMATN FOR Fas

£ UM AE PROUCED §Y SR
2,HTaLE ATUR LONKE

© AENTS AND CARDWIRE MUAT nau” ExcfD 2N AT N
ON 1T PAD TS BE LOU AS e v
At AL BE - o wh R T ARt
YO MCORFORLTE GIADE me.. W
DT AT OVEN LERSTH OF 128 MAx
SULL BE L Wit (N R OF TRUF POS i REiA
SOUHE MATING FLANCT FACE SHALL NE $Q w!TH RESPETT TO THE AKIS OF RCTATION Wb
LNATAG COMNECTION MSST B €20 wiTe 1°S OWN &XIS 3 RGEATION wiTHW DO« FR
% COMMECTING DOLT WUST WAV A 51T OF 001 TO V04 LOJWE QLR TO W THCANESS &
B NSTALLATION CONNED +iON MAT WAKE ALLOWANGE FOR EWGIND TOL AS SCATED

S AR T s ceose

VANGE BOLT OLES

. 000% FIv

LONNF CYOW

0
Yol CONNEC W' ACCOMODATE S
ANY COMMECTOR THAT MATES

2 "! - WTH WS1OC - 5T

ML MATK OF PR DE SGMATON

SCALE MONE
- o~ AL
| Tres ©Vanr, TOF ACCOMOCRIE S
. ANy COHNECTOR THAT MATES

Wit WS Mo S 2P

SCHEMATIC OF PN DESEGNATION e 25
SCALE" NONE - 2rkES
LOC waTen Q0% OF
s TRK FCS ®RELATINY
L] ..
%0 P 10 ow’!
~ s FeesH FOR
Tt (S NG
Mammy, iy ovERe cow DR autict LD3
aue
— - s e e
| TMLAMLTWADE (0D AT LB Seaiy BE:
i ANiAL (DAD T 4 245 .8
! : i
i i
1 amrLow was 200! !

CHITOM BOUT R T

200 At e FETE
MR T s ~
A STU0S WBC w en
F e L ]
~
3y
A
856

FRLATRLR QUTLET FLANLE wa il Flme Eamaus? tnG L
e NS

+
1

!
i




LOWRATUDMAL § F £5CNE -

R i
CALCRey Pmve H s Nl e
1 i — e -
1
P,
- - B i
; i
! i
N - - T i
- - — H B
- - i p—

— SWERnCAL BAMNG TC MATE wite THS D
- (NOT SURPLED 8 PEOA BT YDA K TR
KD LOCH UNDER ANY CONDITIONS

\
p——— 227U M 4 .
: BT $DES icerii N =0 % 4%
e et g et [
; ° . ., Tae?
. - Gy LA el
VT R L Wity - B
o 5 r'_‘,‘ b TRUE PO B & G D
a7 ke Nt [ T i R
' AR © ol - 7 IO 500y
L el By
TN e T 0A) Mkt s -
i [ - Curn B0 TOTUCLE SROA I TN T A BT
B wrrvon B8 tea, OLMETBM P TTOM R TO
SURFLIED BOUNT LIRR R Fyaiaid v AR 50 NTORS
AOTATEC a8 s
war vt
L I

-
.
€.
1
[
113

VEWED FACMW MLEY ENG
SCALE  MOME

Sroanx |

#e
1ay




N

- - ——— —p— — R,
s
. e_1 ! ] -
‘ S AP R g
ro MRESANE HANEMNEUT
. e ATTEE <
- ; W el A L e
2] B ;
‘ i ERONT v N7
e avGE M - o
- Frawnt B Te AR A .
‘ = - 830k
‘ — - 1
2-xnE FTABERENCE P ANE - — — l.'i.
14
e
i e NS - 6O
-
Fuine FTH AT Y
- - R’
oy
. C ;
FN oy, i
»
i ( .
i i i
IR i - - g ENGNE
i [,
1
(

SELTION A-A (4a)

¥,
-
]

§
H
e

,
g
L
<
\

I FAT ST RE
b W
THMENT W

ACIVEN ARE F e

B
LOPNTE T B
MATEUP TO BE COORDMATED

ar

BLE T Lt e O B TARTEI N

G INAT ENGINL ST
ENCIALN T COMTROL
SYSTEM COMPUNENTS

po
I
H .
N .
w; ’ w7
BEPRREEL  T | o0 ) H
LN | S — *

PR .
£t RIOIN & VIEW OF FROXT toanrt
B MO

(IOMACE tnetel i £ #OR ACCTHSONTS,
MLELTORY CF RRANCEY LESS Trdn [0
LatsiT £F (OXSMMETED WTH PUwh
e B A shali FOR AEMUYAL
(EDRATES DETALS TO K COOMrATED
r INDICATED Shv A \8m. NOMIMAL AT WA OPERATNG T
(RO, MOCATES W ff 5 ARE NOMaLi, AV RUCAS T¢ WP
TLMS KGR TR FOS OF FEATURED Srian iy
@HUANTERUMES OF CASE COnTAGawD JUCH FEATUREL
ARLEYS CVMERKYSE WPECEED
(DAL DI Swpwir ARE NOMMNAL UMLESS OVrZ AWVE WRLFED

f




|

Pratt & Whitney Aircraft |
PWA FP 66-100 E
Voiume IIXI !

— e —— L e e —

T
CRATE QDL TeS FVEME OF 5§ SVED FOR EhGIE
: AT USE DF Ts &G A FOM AMT RAWE EQUAMCRT
° Seell, 0 PLLMATTIL OMLY AL TER SPECINC
CONMO=ATION WiTH PRWAFA TN SFE 31

§ FRONT Ak 2Nt

et B /
- = 8 AOMF

R Pl - w80
- Fwe BLEHOAT M
-
- - A
-
»

bl -
DAt L
- - BT ~
' 1
i
! i
\ - e
N N L FATH M STRE
\| L T R
N [ Teur DHAT NS
\ T
1 i s
TG VEN ARF ¢ W
L3 TEMPADITE A
07+ R CONDITINS B
- MATELP T 8F CODPIDRETED
TERAETS X
i
|
1
i
I
3
—4 LMD PLANE
Iy
= ~ — 234823 - =
- Osiret. WOUNTS
S agouT
N TS R oo
R0 ADg
1 .4 s
| » ~
] ’ ad
[ ,
~ I . -—12%0Du !
BN
- - VIEW P FRONT WOLNT
- AL MO
[ N Sl (T /MPCE S A § FOR ACCERSORET,
~ ) - @ sorssony o o _memcre (an fame 1n
Y . LuugT oL COONCSLTED wiTw & owa
. ] 5 SPATE FORK REMOVAL
{f;ﬂomru DLIALS 10 BE COONDRMATED

DM HIACA D v & IARE ORESAL. AT MAX (WY RATRNG TLP
' (D7 ARE MOMSL AT POCK! TEMS
s (DATUMS FLR THLE 503 OF FEATURER Secvbl ANE

TRE v w F DCENTLRLMES OF CASE CONTANGNG NUCH FEATURES
Frox pe £3s ONEmMISE WECFED
KALE e

(D ALL DL SnOWNs ART MOMSIAL LMLESS OTWERWE SPTFRD

[
;
f
P
£
i i
i 1
i :
i ;
—

AGST 3, 1966

2200
T

PRELMINARY
UBETT
T2 CHANGE

PRATT o west TR v ACRAFT
CONTRD kL

P e o T -

=

ENGEa INSTAL( ATION R
1o7F- -y PRODUC Y On) B - .

2128101
D1




Y

' . R
20 l‘?‘ ! in +
' H E]
2 -
et 1
) RS .
o
Boa -
w0 Ny - Nyt
E30A LT APED B - “
X wnTea OB
RARL TN -
OLTALE O SEVERSER . £4 §pm ; ST e
MATEUP B 10C 1O AF L oseace ) -
- et

viEw £ras

NACELLE COWL- REVITIR SUEPRESSOR MAIE u@ T
A LOWANE (DADS: ,n'-
wiTe

P LN CRCUMPERFNLE
2 NP S LB CRCUMERFNCE
LM 8 (RN - CMUWTRENCE

< ~
*. - YERTIAR Y A fLow
RS I //“‘\ - 30 ~a

- 17N

1 ! “ 3 v kY
becdtts 2 -~ Lo
| s Y, SE L L o et e 0
! | - R FLACES t/- i .,"ﬁg(: 22
i At DOOHT NOCATED N - -
!

[

N
AOEMATIC VW LOORIN, FORWART AY ALant (E) (8¢ 1)
TEATIARY MR B REVESSER 00Ny

- 300
THIS STTING MUST 8E VENTED DWELTLY TO - 5%“
ATAENT PESSURE CONNECTION DRANS %
2007 On COLLECTED "W SEAL VENT ~ 1430 me 2860 -
-120 ~ 63 :
Rl ¥ {1]

VEL
vIEWED FAOM WaLET £nD

TECRLLIPY -
!
— Yo mom? ¢
noTe - ) o
U NOT SHOWN TO B2 SROVIDFD WHEN (VALASLE ‘/ 1758 - e fer
B PTH; - 1
WOCHING IT v e
?sé w34 oo N Tome— o
w298 230 — )4
VAR (A 293 M S T L) I
WOOM 06 2500 2257 WOD 4, N Bl SR
A . 0 MACES 4co uEl
AOC WATHIN OOR OF i ! g S S 1 1
30.L48A
Totva g ono GG

“3omg 9AL AR vERT BA

Figure 2.

Engine Installation (Lockheed)
Sheet 3 of &




e : i i
R A
e
o S 1
) ' e T I T AP

- [
.
- e AR A fu O i =
k N
arc —_
oo _ § ) .
4
- s TR e
" L) ~.
SR g ENG
%47
- . 3
; ! L
v
s an
LA 3 f :
: £
. H I
076 . : .
[
~ H
F, Fage~
EXith .
- TENTIARY AR Fy OW R
N 1 OLMEE
.
SCHMEMAT @ LIEW L N D WRARRD AT faNE S RFD
\ TURRSEL { YHAUST TFME ATkt  SANCwG Fh w6
AY (0 mgw. AYFC BY BT
N ML
’
/
e wAER DT TR
it
Tens COMMLCTOR  ACCMMODATES
Ayy CONNECTOR THAT MATKS
WiTr NS Bidi-Fu- Ve
AFORE L30T TENRERG UL

SOHEMATIC OF PN DESGNATION [}
WAL 21 .

PEERTTE Y

PRITAUSION

el i — 2o MAY DrA

ruEL wal! Tewe ET)

] i i
ix
o . g
~
;- . 1
%5
Ot EMB
Fe g
il s = o=
W z
! - > - "\
- - o 4
- -
a7z- Py
BY wocaer @ Aacs _ .

6 PLACES wOCATED By | T

WTH JVER REMOVED : .

T RACES IOCATED €Y /i) - +e
e o TER (AB) 2EMOVED

MAN BN RSRLT 08 oonY
SCHEMATE iy LOOmAG FORRLLD
8 PURTS FOLALY SWED

ALt NONE

L

Sewr WaAR D -
CRENTUY teb oy -1 e

-MAY PROBK
S S SR - PROTAUSION
- B0IM FNDY

lpsa!

SECT-N £ Eaam

O, PRESSURE TRANSIMITTER B (I MMENATSR SENSING PROYVISIONS
1 TRAAGMITTER MUST CONTANY Al DRFICE N0 L ARGER

THAN 040 Duk 87 ATTACHMENT 70 KNG (ONmEC” KN
MaX FERATAG (4 PALSASE 48 PSa
WAX Om TOWALRATURE J6f 7
PROVIONS. FIIC HRECT AT TADWENT OF
TRANSMITTER TO ENG. MUST Bf OQUKDINCTED

LA

ORTALS oF COMPRFSIOR mamerTin
PORTS B Lot (&)

COREIgS5TM NIPELTION PORT

TUMESE WPPECTION FONT

[Zze00 %] |

Bufriet Tussy buit
Sl W oYW O e

stact




f H B i - .
- i o . . : I
i -
e
AN M T :
I - - .
L [ 4
. ! MWNNTING SCATY e - 1 A
a T Ly = co e CUSTOME R SPm gD POMR " V;;.J .
. - i ARt ELEL PTOIEST RATHW -t v el
i HN Ly
oy wmECTE A OwODATF G
B g 0 THAT MATCS .
2 WPw XN
-
Rt
pos ot
e eltDR SEIFR ER
0 oL e
o A T el
.- \
: tyer. - ]
r
? Tears Gt { TOR ACCOWMOCATES
R swmnz SMY CMPECTOR THAT NBTTC
A - w TH NS U I7S i WAY NEVEPSE
[ 1 "
: H Trz !

Anblaed TURmAE [xi 1R

S MATIC OF P DY MORATION - .:: Pt 3R - T
FlaL Tro 6 B
Seaes 20 “ MAR MIN ALMENTATON . 6 AES LOUALY R
~MIN BIGMENTLTON ~

».._L..J t
- P 8
- DowLe Fw o pL Y.
" . o0
TR et Coaze . JEN0 O
] s AL IOWARLE LTRMDS “’ .
LAS SEM AR VINT ©
MAX RADM L DO LN SAE.t
MAY LGTUOR L aD - TS ..
CONFIGRATION (3 S g, e S Voo
CWECTION OF S0TaTh N & OMENTATION a0 - bt 250 04
0 A COORTNET 1 .
(AUY MatNG SALNE T DEUVER
MAT TOROUE F K0 (B8N,
POWER R TTING DEVICE WY BE \'uﬁ(uw
CAPAGLE OF BfWa, SXITATEG BY ; o
EMGINE PLVERSER T (RLOKK STSTEM
WU N TORGUE OF 300 LY
T . L MATMUI AN AR HISALICAMENT F CASE AR L4 ATION OF CASE § SRy [ Loas
| Py o (AR ar OAS § D€ TO TCLERANCE  ACCUMULATION MOUNT DuE TO Wuwwm«.uvm’v » -
MAX TR IO L 1, ! HE -
AN RAD LOAD BX0 L8 ! g i H .
§OGMAX WUNATUCINAL LOAD T3 08 A .
g ] Pk s e L b 5 ;
O NN O P § 00 : o
. ORECTON O ROTATION § OPEW TATION s i + T T ! .
O ENE TO B COU_ WTED | - ~ 1 | T S S
e e : ! l -
z S e e J - § f-- -
Insusuglhnnes R i
[—~-L-A—\’» e g
1 1 - » .
IS et e SEEIRE S ot O L5
I‘_T"'_+- S S I A W U S v
ek AWM ARL THD LT S S S R [ T D B O o B B ¢ Ve s
["T e R A FTTE T e N % LT
- REywar | i FLANGE  STATION FLANGE STATION TooseTiAN
i i LeaEn
: CEVIATION OF CASE @ Féaam $RONT - = PRRALLELISM & CONCENTRGHTY b ———
i MOUAT ¢ DU TO i | R T .
i ' - CONCENTCITY LA
oufee g - 4 ® . e Em
31 -h«-, S W eam
/ . Wt
i ,- e SR
; r o .. J L2 XY )
ORTum FACE T o 458 R
Trel COMM.CEW AGUOWMGDATES . o FRONT MOUN
ANY CONMICTIR THAT WATES N T F T
'm- e NOZOR W

- ALACOYIAMC BAME FORTION MDA TOR
SOEMETIC OF i DEBGNATION
DATM § —~

u‘vurmcrcg(.‘mm]
MOUNT € D06 T CONGENTIGITY

N [Zoa0 %] |

. wm ot il




ALY % i
LA Y

st me taga
A e PRt
Aruft POIALY SPACTD B
L0 W T (40 B OF TRUE POS
- P
- it
- - 3,400 04
Laren
A A VERT CAMECTION TR aee CARCH

WALEL 10 IROITED VIEW 450

MAY Ll ARGl L cADS KOR AR ALEED FORTS
© TOROUE APPLUD TO BLEED PORT FLANGE
- EOAMAL MOMENT APLED AT FLANGE 12\
M2 CRGLL L MENTOL MOMENT SRPUED AT b | aNGE 912 ve
VILVE T AMED SHE AR (OADS AT BLIFD PORT FLANGES IN
in VEATICN (WVELTiOhS RESPELCTIVELY
TENSKW LMD
USED 48 POSITvE w9}

" Al
{THESE ALt

w "

Ha ™ i

Cabm am BiEED PONT (Ul

J Y BAG VERT MR PORT (8a;

no LB
fo JT TS
213 .8
oYY
EL2 X1 )
L L]

183 VENY AR SORT (CQRCH)

SFCTon (-0

mie PlRYSSL BMEED MD U

DA
™ AACE
L WATHN QOR OF
TME  ROS

Pratt & Whitney Qircraft
PWA FP 66-100
Volume III

o

AKGUST B, 1966

“HOtn 1o A atom o, |
T nman i

ENGINE INSTAL LATION
CATEITA B PRCELEYORY

2128101
Dl




. K
1
iv
w s
To b NG g
o ER YWY .
: ‘ Ao to U .
H ~
-~
b
; , ~
i [N
i )
¢ - ’ § -
I =5 e
h ’ . - . i
Pt . ' D e
: 43 %0 i
i DERe Tt adm
: REE - ¢ s -
A roe B
B
o ’
! I L M3
.i v R OF TR YT
) GEAR GROUM ! Y N PROV TN A
! FHUNT (N HANDL P Wovienty A G
fRa Gitem L L
i TR
-
- .
!
; ’—] ) -
Y [E TRy . b
i Fadoy wacEn
H 2 MO Ls 5
E2onLY ED mz €
= o omRL b
\ § o - N e
‘e o
B Fanca 2% ;
i EIRRES - . :/ . [ ?
! LI AN SRR - .\ A .y osar
: w o NOR - . =
5 TRUE POS Y
i o TR 2al L guTH SOES ~ F =
N \; .. ,7 ‘L .
[
vinr g
a & ey - - ' ~ ELINY H
£uMLY SPED e
TRONT MNURT GG
REAR MRS RING VIEWED FRCM LT END
VIERED FAOM NLET (WD SCALL 17D
SCALE v
\ . L s I et Qa0 men
CIFOm e 7 aTTACUNERT - . sooo meaa bt w0 we
LDC e Thapy "
’ R N
K LR
‘;lll:nu‘s‘u N ek LAY
SCALE 21
wiew N
2 RALLS Ry APaT
SCALE k2
Lo [V DR —— o , ,,,,,

Figure 2. Engine Inatallation (Lockheed)
Sheet 4 of 4

R e ammananm et o= - o el




mia
AN

S RO INLET ATTA g NY
- wiEw
244 ik
. L]
P OF TR S

' B
oy v i
¢ o ‘.
- - .
N @ -
Ln1GAP - } .
- cwon
4 GBh R e - -
N 2 LES
LK WIThIv =
207 OF TRE g
~(F) £0 I ATTADMENT
R AL stcronR R secTon T T
P o T T
AL L2 FCAUL 12
_ . YRR RRET ATTADMENT
W .
3805 Oid -
LOC wiTHiN CIN K T »
R S LD
TRE POT ) R UNE AR
4 MINOR A 2 150 [
- 2 R
son
BB
a .
wiTHy
5 JF
T s

SECVON Y-
2PEds 0 AMAT
sat 2

~ SECTIONP T
SCME 172
YERT &




H

_j 3

0 !

1Bl L
ety °

R
il
ISR fAavingD Fon
VIBRATION PICK-uP ()

BF

.

’
1
}
|
|
|
!
—+ -
I
'
~1
i
VEWED TROM ™LET £np

fant G

-

1

-
|
I

- —— —

‘_ '\
\ oy
\ -
\ L
.
L
b )
R )




Pratt 8 Whithey Rircraft
PKA TP 66-1G0
Voilume IIT

l o

FLANCE
VIEWEQ FAJM WLLT ENMD

BF
{YMCE PROVIDED FOR VBRATION FICX-UP K |

W MOES WHTYED AT LOC
WOICATED by 20

ALL 00 wimeN 00 R OF
T™E OS5

@) MUCATES DE TAiLS 10 OF COOROMETED
FE [T 45 DECCED THAY PAWE WL NOT SufTyy
THE ENTIRE BxT, BUT s M FOR
THE leYRLTE YA ATvasn
OF THE FOLLOWING ALTTRNATIVES wdv BU USED:
{0) A STUB GRRT MAC KL PROVIDED, CiowSISTING OF &
£ ADARTER 10 WHOH TrE CUSTOMER MAY A7TACH WS ST
N THRCADED FOATE MEY BE CROVIED, Suisi AS 15
TS #MCH T CUSTOMER PART MGY OC ASSEMSLED
€} PROVIBIONS MAY BF WADE OM
TS 1O ENABLE THE CUATOMER YO AYTACH
Lews past
[Urdn THE CUSSTOMER BAUT MEQURIMINTS ARE FCEWED.
PAWL wai PROGAE A FELD SURVET, 20VAG ALL THE
BIRTS, WN  ASSWOVED, THE MSTAL, ATION L3 WiLL
SHOW AL THE BRXTS PHOVIDED FOR CLr-TOMER USE .
PCLUGING CIMEIUONING (F FPERTAENT FLATURES
SUCH 4S5 HOLE {OCATIONS. SZES. THREAD
SCALL TS, ML LCWARLE LD AT Clunabwss, wrepasiOn [ T2,
(PRWA DOES MOT PERMT THE CUXTOMER TG MEMOVE O
AOGBEN NG BOLTS W ORDED YO WATALL BRKTS ON
OTWEE CASOWANE PARTRE THE CITTOMER vaL BF AROVIED
CTR wTH THE ENTIR, @RNT REGU,0R WIH SWTURE PRO-
M0 FOL ATTACAME WS PPATS WITHOUT DITURBNG THE
-BOLTEG B ASSY
L ORA SACWN ML MOwuy. LPOESS OTMERERME SPTCIFIED
(L) ATTROGRI" FOR NSYALIAT % BRATS
TS FOR THUE FO3 OF PUANNES SHOWN ARG

@

54

@

EardTiNG P B WA E

|

08 ad Tac anie .

ENGICE DNSTALLATION

1rera 2 amray cvone




Pratt 8 Whitney Rircraft '
PWA FP 66-100

Volume III E E
i duct strut extension or flow splitter to extend intc and be attached to ;j
the engine inlet case. The provisiouns were requested to be compatible
with the Lockheed airplane inlet system and consistent with Lockheed's
! experience. Engine development testing is vequired to confirm the merits

of such a configuration and that such a system will nct adversely affect
compressor blade stress levels,

The conmnection to the Boeing inlet duct is accomplished with four pair i
of 2 bolt attaching points, While this design provides the maintenance
feature speciffcally requested by Boeing, it will require a stiffer inlet
case front flange to minimize leakage problems.

Matching the airframe inlet centerbody with the engine inlet case
front bearing hub is required to provide a smooth airflow path to the
engine compressor, although no mechanical connection is required.

b. Front Mount (AD)

The front mount ring incerporates two mounting points located in the
upper left and right quadrants of the engiie. The systems are described
in greater detail in paragraph C of this secticen. The design loads and
method of loading are shown in the Loads Drawiang, figure 3 for the Boeing
B-2707 and figure 4 for the Lockheed L-2000. The engine mount structure,
the materials selected, and the design practices used have been derived
from years of experience with many Successful commercial engine programs and
Pratt & Whitney Aircraft's knowledge of high Mach number environment obtained
through the J58 program.

P
C. Reéair Mount (AE)

The rear mount ring Iincorporates two mounting lugs located in the
upper right and left quadrants of the engine. The design loads and method
eof loading are described in the Loads Drawing. The details of the systems
are described further in paragraph C of this sectiom.

d. Reverser-Suppressor Shroud

The forward face on the nacelle mating flange of the reverser—-suppres-
sor consists of a bclt flange for attachment of the airframe nacelle cowl
seal. It 1s located (behind the rear mount ring) approximately 18 inches
for Boeing and 10 inches for Lockheed. The specific contiguration of the
flange was coordinated with the airframe manufacturers. The mating dimen-
gdcnal requiremenis and load limitationa for the flange are given on the

Insrallation Drawing. The specific requirements and description of the

reverser-suppregsor as requested by the airframe manufacturers are described
further in paragraph C of this section.
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2, Accessory Drive System
a. Power Takeoffs (A) (B)

The power takeoff (PIT0) gearbox and drive pid connection provided for
driving airframe accessorles and for starting the engine {s located at the
top of the engine. The drive pad cennection can be criented in the direc-
tion required to match the location of the airframe supplied drive shafts
as coordinated to meet the airframe manufacturer requirements. The Boe-
ing connection s on the top of the gearbox. The PTO for Lockheed can be
ground instslled for either a left- or right-side connection.

For Lockheed only, an additional power takeoff-environmental control
system drive pad (B) is located on the lower right side of the engine for
driving the airplane environmental contrcl system air compressor.

Drive attachment requirements and horsepower extraction, torque, and
moment limitations are tabulated on the Installation Drawing.

The J58 high Mach number experience for power takeoff gearbox design,
gear trains, and lubrication hag been used extensively in the design of the
power takeoff gearbox drives and accessory drives.

b. Acceasory Drives (R)(S)

For Boeing only, two additional accessory drive pads are provided on
the engine power takeoff gearbox for direct mounting of two airplanc system
hydraulic pumps. The location, configuration, and horsepower extraction
requirements for the design of the gearbox were coordinated with Boeing.
Prive pad requirements; spline definition; and horsepower, torque, and
woment iimitatipons sre tabulated ou ihe Tnsrailarion Drawing.

c. Power Takeoff Decoupler Actuation (BV)

An electrically-actuated power takeoff drive shaft decoupler is pro-
vided to permit in-flight or ground decoupling of the airplane remote gear-
box drive system. The system permits decoupling in the event of an air-
pleane accessory fallure so that the engine can continue in operation.

Only ground recoupling with a statlc engine is possible. The electrical
connection description is located in figure 5. This provision is currently
shown only on the Lockheed engine.

3. Fuel System

a. Fuel Inlet (F1)

A common fuel inlet to the main and duct heater fuel pumps is provided
on the upper right side of the engine for Boeing and on the left ride for
Lockheed. The Boeing inlet flange connection is of the bolted flange type
with & conicsl metal gesl. Lockheed requested and coordinated a special
Marman Clamp Conoseal type flange for their requirements with sealing
configuration to be established.

DI-25
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The additional inlet lines fuor a common fuel inlet connection arev pro-
vided as optional equlpment as requested by and coordinated with the air-
frame manulacturers,

b. Fuel Return to Airframe (AF)

Fuel is returned to the airplane from the engine fuel control during i
engine windmilling operation or when the fuel inlet temperature is high i
enough so that the added oil and accessory cooling load of the fuel system
re=zults in reaching the fucl system temperature limit. Details of the
fuel control system are given in Volume III, Report B. Provisions are
made to permit a minimum fuel flow in the return line at ail operating
conditions to cool the fuel return line and prevent the farmation of coke.

c¢. Fuel Pump Outlet Vent (FV2)

For fuel pump venting, a threaded connection with seal provisions is
located at the fuel pump discharge boss. Venting of the fuel pump will
expedite the pump recovery following component replacement or in the
event the airplane fuel tank to engine line inadvertently becomes air
locked.

d. Fuel Drains

e CENE DB 0 WEy ST SN SRS BN e

Fuel drains are located at the low point of cach of the following fuel
system components to allow fuel drainage overboard for safety and cleanli-
negs:

1. Combustion chamber - gas generator

2. Fuel manifold drain valves - gas generator, duct heater Zone I
and II.

i sl ki

All drain points have threaded connectionr with seal provicions and
have been sized for engine shutdown fuel drain flows. For Lockheed these
fuel drain locations (FDl, FD4, FD18, FDi8A) are shown on the installaticn
drawing and the expected drain quantities have been coordfunated. For
Boeing the fuel drains are connected to an engine supplied drain tank.

e. Engine Fuel Power Control (AJ)

The engine fuel control and fuel system concept and functions are
described in Volume III, Report B. Only the interface requirements are
considered in this secticn, The rapid removal unitized control concept
incorporates a universal type coupling between the control shaft and an
. engine mounted drive. For the Lockheed instaliation, the fuel control
;i thrust setiings are accomplished by an airframe-supplied electrical drive.
ot The drive is located aft of the unitized fuel control on the left side of
the engine and 1s connected to the control through a splined shaft and ¢
pulley system. Fuel contreol settings and allowable installation loads
for the drive attachment to the shaft are shown on the Installation Draw-
ing.
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A different power control system was coordinated for the Boeing
iustallation. Boeing required a mechanically actuated fuel control rack-
and-pinion shaft with a maximum of 5 Inches of stroke travel. The zttach-
ment i3 sdjacent to the unitlzed tuel control on the upper left side of
the engine. The attachment requirements aud load limitaticns are on the
Installation Drawing.

f. Engine Fuel Shutoff Control (AK)

A detail description of the configuration and functions of the fuel
shutoff control are presented im Volume IIi, Report B.

The fuel control shutoff switen for the lockheed installation consists
of an ailrframe-supplied electyfz.)l drive system wounted directly on the
front face of the fuel control.

An engine mounted shutoff contrul splined shaft located on the forward
side of the unitized fuel rontrol has been provided for Boeing, Mechanical
actuation has been coordinated with Boeing for the fuel shutoff control.

4. O0il System
a. 0il Bbreather (LB2)

The breather pressurizing valve mounted on the engine main gearbox
provides pressurizing and venting of the engine oil system. Pressuriza-
tion of a fixed absolute and delta pressure is controlled by an aneroid
valve system and a relief valve. For lockheed, overboard breather vent-
ing from the deofiler is accomplished through the breather pressurizing
valve by connecting te a four-stud flange with a metal seal. Allowable
loads are shown on the lnstallation Drawing. For Boeing, overboard
breather venting 1s accomplished by an cngine supplied vent pipe to the
reverser—-suppressor cowl.

b. 04l Tank Inlet (LZ)

The o1l tank f£il1l port 1= located onm the upper portion of the oil tank
on the right side of the eng: .e. A dipstick is attached to the cap as a
neans for determining the oil level.

A separate remote oil filling system connection with seal provisions
is provided on the aft side of the oill tank as requested by Boeing.

€. Oil Tank Overilow

For Boeing, oil tank overflow connections for the manual and remote
£111 (LD2) systems have been provided &L the bottem of the taunk. The
manual fill dreds syztem is roufed tc an engine supplied drain tank,
while the remote fill drain conmnection is made by a two-bolt flange with
an "0" ring. For Lockheed, en o0il terk overflow connection fer the manual
£fi111 (LD3) system has been provided at the bottom of the tank as a two-
bolt fli ge with an "0" ring seal. Use of the overflow provisions with
cverboard drains will engure that engine oil does not drip on the engine
or nacelle.
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gy SR
L L poT——

-

Jissentin -

prowy




i

o

e wmWm S IR SR e

L]

JRtlanay

Pratt & Whitney Rircreft
PWA FP 66-100
Volume I1I

d. 0il Drains (LD1)

A manual drain valve 1s provided st the lowest point of the oil tank
to permit oil tank draining. A threaded connection is provided on the
valve to permit the attachment of an overboard drain line.

Threaded plugs are located at low polnts of each of the following com-
ponents to provide means for draining engine oil for maintenance purposes:

Main gearbox

. 01l pump strafiner

. 01l pump gearbox

. No. 1 and 2 bearing and seal compartment sump.

Swk -

All connector sizes and locations have been ccocordinated with the air-
frame manufacturers and are shown on the Installation Drawing.

e, ©.al Draine

Overboard seal drain provisions at the seal cavities of each of the
following components are provided te facilitate seal drainage overboard
for engine safety, maintenance, and cleanliness:

1. Unitized fuel contrel drive

2. Main fuel pump accessory drive

3. Hydrsulic pump and hydraulic pump accossory drive pad
4. Duct heater fuel pump

5. Duct heater pump contrcller

6. Aerodynamic brare actuator

7. Secondary ail: valve actuators (Boeing only)

8. Enviromnmental control system power takeoff (Lockheed only)
9. Tachomater geneiaior accesscry drive

10. P.T.O. accessory drive

li. Hydraulic pump PTO pads (Boeing only).

The attachment requirements for Lockheed have been coordinated and are
shown on the Installation Drawing. For Boeilng these drains ar= connected
to an engine supplied drain tank.

£. No. 1, 2, and 3 Bearing Seal Vents {CG) (CH) (CJ) (BA)

Venting of the besring compartment labyr:nth back-up seals to ambient
18 required as an added measure of protection fo ensure that engine oil
leaksge cannot get into the air paesages and contaminate the bleed aiv
and to ensure that surrounding hot aic does not enter the rcompartmant and
auto-ignite or coke the 5il. Yor Boeing this is achieved by providing an
engine supplied overboard vent line from the separatz vents to the reverser-
surnressor cowl. For Lockheed, circular bolt flange overboard connections
(CG, CH) are provided for the No. 1 and 2 bearing seal vents on each side
of the top centerline of the engine and a threaded counnection (CJ) ig pro-
vided on the botiuviz. A common bolt flange 18 provided for the No. 3 bear-
ing seal vent (BA) on the left side of the top centerline. The No. 4
besring compar.ment vents through the exhaust nozzle; no airframe connec-
tion is required.
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Allowable loads for theee conmections are ghown on the Installation
Drawing for Lockheed only.

5. Electrical Systems 1

a. lIgnition Exciter (AA)

SVam——

Two ignition system exciter boxes located on the lower left and lower
right sides of the engine are provided as voltage boosters for the engine
electrical fgnitera. FEngine-supplied individual leads connect the boxes
to the main and duct heater combustion chamber igniters. This system
provides a redundant dusal ignition svstem for both primary engine and duct
heater igniters. The ignition system power requirements and the exciter [
box and igniter locations were coordinated with the airframe manufacturers.
Several changes in the location of the system were required to satisfy
the maintainability requirements. Electrical connectors are located on
R each exciter. DUescriptions of the connectors caun be found on the Electrical
' Installation Disgram, figure 5 for the Locklieed L-2000 and figure 6 for the
Boeing B~2707.

payetu)

(S

e

1 b. Control System Remote Adjustment Input (BS)

£ Means to electrically adjust the primary fuel flow as an engine pres-
sure ratio adjustment and the fan nozzle area as an airflow adjustment
are included on the engine. An electrical connector is located on the
fuel control for the remote adjustment signals. The above system and
optional varlations to provide manual or auctomatic remote adjustment are
described in detail in Volume III, Report B, Section III. An electrical
connector description is located on the Electrical Installation Diagram.

The automatic remote adjustment system will be available 25 opticnal
equipment for either an engine—mounted or airplane-mounted electronie
computer. In either case, additional electrical connections, which are
not shown on the Installation Drawing, are required. The remote adjust-

ment system 1s further described in Volume III, Report B, Section III.

A o

fm R R Em :

1o

6. Air Bleed and Vent Systens

2. High Pressure Air Bleed Ports (U) (AM)

Air bleed ports for cabin or ailr pressurization systems are located
on the engline diffuser case In positions specified by the airframe manu-
facturers.

i
3
£
E
= A bolt flange type connection, located on the engine caae 3ust above
iﬁ the right horizontal centerline was coordinated with Lockheed to provide
E bleed air for the ailrcraft cabin alr-pressurization compressor (environ-
g mental control system).
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The Boeing installation requires an additional bleed air duct to mani-
fold the engine bleed pads in the upper quadrants into a single large
circular bolt flange at the top of the engine. The flange, as in the case
of the power takeoff drive pad, faces up to directly accommodate the air-
craft-mounted &ir conditioning system. A separate, smaller connection
(AM) 18 located on tep of the engins to provide high pressure bleed afr
fcr the airplane anti-icing system. In all cases, the coordinated pro-
visions meei the bleed pressure load, installation vibration load, and
environmental degign requirements.

b. Bleed Pilot Valve Ambient Vent (BD)

The engine starting bleed system requires an ambient pressure sense
to properly schedule the start bleed system. This is accomplished by a
screen protected port on the bleed pilot valve located on the left side
of engine. No airframe attachment is required.

¢. Duct Heater Fuel Pump Exhaust (CE)

A duct is provided on the aft side of the duct heater turbo fuel pump
for exhausting the pump turbine, which is driven by engine bleed air.
For the Boeing installation, a discharge duct to the secondary air system
bulkhead will be provided. For the Lockhesed installation, a short dif-
fusing duct is attached to the pump exhsaust.

d. Secondary Air Fiow Control

The installed engine secondary airflow systems differ markedly for
the Boeing and Lockheed concepts.

Lockheed requires no secondary airflow control on the engine since
control is accomplished by the alrfrawe fulei system and is essentially
a flow-through system. Boeing has a requirement for an unpressurized
nacelle. Six secondary air flow ducts which are routed from the engine
inlet to a bulkhead at the forward end of the reverser-suppressor are
provided for Boeing ins* llation. All six ducts have a check valve
located at the aft bulki.ead to prevent backflow during reverse thcust and
airplane take-off. Four of the six ducts contain hydraulically operated
valves to control the secondary air flow requirements for reverser-
suppressor performance and cooling flow during cruise. Valve position
indicator switches are provided. The electrical comnmnector descriptions
for the switches are located on the Electrical Installation Diagram.

e. Aerodynamic Brake Position Valve (CX)

The aerodynemic brake pusition valve requires an ambient pressure
vent. This is accomplished by & screen protected part and is shown on
the Installation Drawing.

7. Inscrumentation and Instrumentation Provisions

a. Fuel Flowmeter Provisions (AW) (AX)
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Provisions for fuel flowmeters to measure mein engine and duct heater
fuel flows are included in both the main fuel and the duct heater fuel
pupply lines as shown on the Installation Drawings.

b.

Main Fuel Pump Inlet Pressure (FP-1)

Instrumentation provisions for sensing fuel pump inlet pressure are
provided on the engine.

Definitions of the connections are shown on the
Installacion Drawing.

_——ry
——t

Ce

Fuel Inlet Temperature (FT1)

Instrumentation provisions for sensing fuel inlet temperature are
included on the engine.

Definitions of the connections are shown on the
Installation Drawing.

=

d.

Fuel Filter Inlet and Outlet Pressures (FP10) (FP11)

Sy ot

Instrumentation provisiens for sensing fuel pump fllter inlet pressure
and outlet pressure, or a delia pressure, are included on the engine.
Definitions of the connections are shown on the Installation Drawing.

—
(S

e. 0il Level Sensing (LL=-1)

011 level or oil quantity indicating iastrumentation provisions are
included on the eungine. The oil tank flange connection and the internal
sensor envelope are depicted on the Installation Drawing,

f.

- =

011 Pressure and Temperature (LP1) (LT1)

Instrumentation provisions with & threaded commnection having seal

EIR-411

presgure. Ao identical comnection for imstrumen~
tation provisions for sensing oil temperature is slso provided.

Pro-
vigions for direct engine mounting of a pressure transmitter will be
incorporated if required.

The &bove provisions are shown on the Installa-
tion Drawing.

engins for sensiug oil

[ ]
Smmmmenie

0il Pressure Transmitter Vent {LV3)

A threaded connection with seal is provided on the oil pump gearbox
for venting the engine oil system pressure transmitger.

k.

011 Filter Inlet and Outlet Presaure (LP4) (LP5)

Instrumentation provisions for sensing oil pressure toc znd from the
filter. or a d21

= mmnea

ta pressure, are includei on the engine and are showm on
the Installation Drawing. )

m

i.

Turbine Exit Temperature {(ITT7) (ITT7) {Average and Individual)

An averaging and individual exhaust gas temperature measurement system
is provided on the engine.

The airframe electrical connection is located
above the right horizontal engine centerline for Lockheed and on the lewer

PI=-38
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right aide for Beoeing. These locations were coordinated to provide con-
nections for both the aircraft turbine exit temperature cockpit indicating
system and for maintenance checking of the nine individual probes. A
description of the ayatem i{s provided vn the Electrical Installaiion
Diagram.

j. Turbine Exit Preasure (PT7)

Turbine exit or exhsuat gas pressure instrumentation is provided on
the engine, The coordinated airframe threaded connection for cockpit
indication is located on the right side below the horizontal centerline
for Lockheed and above the horirontal centerline for Boeing.

k. Duct Heater Nozzle Position Feedback (AL)

A linegr variable differential transformer to indicate duct heater
nozzlie position 18 provided on the engine. The electrical connection is
located on the right side of the engine ahead of the rear mount ring. A
description of the connector is provided on the Electrical Installation
Diagram.

1. Reverser Position Indicator (BC)

An indication of reverser ejector nozzle clamshell position is
obtained from a limit switch located on the right side of the engine
she=ad of the rear mount ring. A description of the electrical connection
is provided on the Electrical Installation Diagram.

m. Low Rotor Speed Transducer (BT)

A transducer {s provided gn the eniglie Lo indicare the low roter s

by sensing 2Znd-stage fan blade rotation. The location and the descrip
of the connection are provided on the Electrical Installation Diagram.

£

o
“«

on

[adile o]

<
i

n. Aerodynamic Brake Position (AS)

An aerodynamic brake position indication Is supplied by a switch actu-
ated by the sercdynamic brake actuator arm. This provides an indication
of the inlet guide vanes in the start and cruise position. An indication
for brake-on position is not considered necessary since rctor speed is
affected significantly when the brake is on. A description of the connector
is shown on the Electricel Installation Diagram.

o. Vibration Pickup (BF}

Vibration pickup mounting brackets are provided on the engine casges
as depicted on the Installation Drawing.

p. In-flight Power-Setting Systems Provision
The use of engine pressure ratio as the basic power-setting parameter

has proved successful on both turbojet and turbofan engines with fixed
jet norzle areas. By adding the measursment of total fuel flow to en-
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gine presesure ratfo, slightly be.ter thrust setting accuracy is achieved
for a duct-burning tyrbofan engine. The use of turbine exit total pres-
sure provisions, inlet totel pressures, and total engine tuel {low meas-
urement s provides the required engine parameters for an in-flight power

getting syatem. Such a modified engine presgure ratio syscem satisfies
the requirement for a simple accurate method of setting engine thruat
The details of such a system are described ia Volume TII

C-

Report A.

-

INSTALLATION CORFIGURATION AND SUPPORTING DESIGN DETAILS

1.

Installation Configuration and Design for Airframe Compatibility

The engine mount points are primarily
the engine thrust and weight to the airp” .e wing or other primary struc-
ture. Thixg necessftates locating the @ it points in the upper quadrants.
One of the Eront mount poilnte reacts t  total thrust load and a proportion-
ate amount of the vertical and side 1c bt et er front mount car-
ries a proportionate amount of the veri. . - 2 YeBY mount attach-
ment points provide for sirframe-supplied linka t ‘ow for axial thermal
growth of the engine. The rear mounts also carry th greater part of the
engine vertical and side load. Further information .out the engine mount
syatem design may be found in Volume III, Report B, -ction II, paragraph H.

;. ed to effectively react

The resulting engine-coordinated mounting points and the required
airframe mount gtructure necessitates positioning the msajor engine con-
trols, components, and accegsory drives to the lower side areas of the

centerline for the Boeing installation. For the Boeing airplene, the com-
ponent positioning must be compatiable with the Boeing requirement for
secondary airflow ducts.

suppressor cooling and ejector nozzle performance.
mits desfigning = nonpressurized nace

The (“[l[‘[’ed Systom per-

Tiie Lockheed engine configurétion
and component arrengement are greatly affected by the requirement to mount

an engine-driven airframe environmental control system air compressor snd l
heat exchanger on the bottom of the engine

YYn

aade.

The power takeoff gearbox and drive pad and the locations differ be-
tween the Boeing and Lockheed installations. The Lockheed power takeoff
is positioned at the top of engine to drive the airframe remote gearbox-

mounted accessories. This gearbox has the added capability of being en- l
gine-mounted for either o right or left side airplane installation. An
additional power takeoff-environmental control system drive psd is pro-
vided on the lower right side of the engine for the bottom-mounted environ-
mental control oystem gir compressor. For the Boeing airplane, the en-
gine power tskeoff gearbox and drive pad incorporate twe additional hy-
draulic pump accessnry drive pads for the airframe inlet control system

The

gearbox 1is located at the top of the engine with the power takeoft
ped facing upward.

L

=s ==

The high pressure sir bleed ports and manifold sre located near the
top of the engine for Boeing to facilitate direct routing of the air duct
and vents into the airplane. The Lockheed installation requires only a
single bleed ai: port located in the lower right side of the engine to

- =z I

engine for the Lockheed installation and on either side of the horizontal l;

The secondary airflow is required for reverser- ’!

|
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facilitate direct routing of the air duct to the bottom-mounted engine
driven air compressor. All the bearing compartment labvrinth sesl vents
are located in the upper quandrants of the engine for ease of installation,

A common fuel inlet and manifold to the main and duct heater fuel pumps
ie provided near the top of the engine to facilitate connection to the
airplane fuel manifeold as requested by the airframe manufacturers. The
locations differ slightiy as 8 result of afrplane differences.

The engine reverser-suppressor consigts of the fellowing major ex-
ternal components and assemblies: Reverser-suppressor to nacelle shroud,
reverser doors, tertiary air blow-in doors, main structure, and aerodynam-
ically-actuated variable nozzle flaps. The nozzle is canted down 5 de-
grees for Lockheed and & degrees 30 minutes {or Boeing. The canting is
required for asirplane performance and installation compatibility. The
forward face of the reverser-suppressor provides a flange for bolted at-
tachment to the nacelle outer contour air seal at the engine-to-airframe
boundary. Thrust reversing is provided by two hydraulically actuated
gemicircular reversing ciamshells. Backflow of the reversed exhaust
gases during reversing opersticns i8 prevented by a series of air balanced
flapper doors which cicse beceruse of exhaust gas pressure. The doors are
locatcd around the engine nozzle near the reverser-suppressor front face.
Secondary airflow for reverser-suppressor peér{orws ce and cooling is ob-
tained from the alrframe air inlet system. This se. ondary-air flows
along the outside of the engine and through the flap er doors to the eject-
or nozgle for the Lockheed installation. For Boeing, the secondary air
flows through six ducts.

The thrust reverser doors are configured &nd pogitioned to provide
the required reversing gas flow targeting that has been ccordinated with
the airframe manufacturers. The door locations are s function of the de-
sign of the airplane wing and engine installation.

2. Installation Configuration and Design for Maintsinability and Servicing

Borescope inspection ports have been spaced circumferentislly around
the engine diffugser case clear of the engine components and plumbing to
permit inspection of the main burner, fuel nozzles, nozzle guide vanes,
and burner swirl guides. The compiessor boregeope inspecticn poiris are
pousitioned along the bottom of the engine in a clear area that allows view-
ing of all compressor blade srages. The turbine inspection borescope ports
are positioned at two locations on the rear mount ring case to allow viewing
all curbine blade stages. The turbine 3rd-stage can be inspected from
the exhaust end of the engine. Provisions to rotate the high compressor
during borescope inspection have been incorporated into the maln gearbox.
All of these functions can be accomplished with the engine ingtalled, if
permitted by the nacelle deaign.

Components of the engine have been packaged or positioned to provide
access to all inspection and mervicing points on the engine. Specifically,
the packaging allows access to the eight large access panels located cir-
cumferentially around the engine. The access panels permit inspection of
the main burner fuel suppiy plumbing, compressor bieed valve plumbing and
compregsor sir bleed plumbing, replace.ent cf the primary gas generator
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fuel wvézles, &nd removal of the compressoe. bleed valves. The engine has
been designed so major plumbing is not routed over these panels. The
reverser-suppressor design incorporates access p-ucis for inspection

of hydraulic actuators, plumbing, ard reverser mechanism and for minor
adjustments and parts replacement. Adjustmeats of the reversing and
tertiary blow-in door system are provided to allow complete interchange-
ability of parts, thus not requiring replacement with matched parts or
sets of parts. The clamsiell hubs and bearings are easily removed and
inspected after removal of the ocutside access panel and inside cover-
plate. The complete reverser-suppressor assembly and nozzle can be in-
stalled or removed jrom the airplane without requiriug other disassembly
or rigging adjustment.

The engine oil system has been designed to utilize threaded type
chip detector plugs. These are accessible at strategic locations to
provide early warning of failure or excessive wear of bearing or power
train areas of the engine.

All oil scavenge pumps are provided with inlet screens .or pro-
tection against foreign ohlects in the oil sumps.

Lines and tubing on the outside of the engine are provided with suf-
ficient mechanical connectors to permit easy removal of components and
hot section inspection. All lines that cross Flange "G", which is the
separation flange for a hot section inspection, have an additicmal con-
nection permitting removal of short lines.

Fuel and exhaust nozzle area control management [unctions have been
packaged on the left side of the engine in a single unitized control
which can be remcved by removing nine bolts and disconnecting the elec-
trical and pneumatic connections. All fluid lines are connected to the
pedestal base behind the unitized control so that disassembly and as~
sembly of these lines is not required. The fuel cuntrols linkages are
designed so that removal of the fuel control will not disturb the air-
frame fuel control actuation system.

Fluid filters which are provided in the components of the fuel and

wrmd o sen oo 1 o - b .
hydraulic system are wosiiioned su removal can be accomplished ecasily

. without the prior removal of other engine compouents.

All components weighing 45 pounds or more are provided with 1lifting
eves or other lifting provisions to facilitate ground handling for field
instellation or replacement.

Space for ground handling at the front and rear mount rings has been
coordinated with the alrframe contractors and is specified on the Instal-
lation Drawing. Ground handling fixtures for transportaticn or engine in-
stallation and removal from aircraft may be attached to the engine in
these areas as desired by the airframe manufacturers.

v FPurther Hetailed information about engine counfiguration to facilitate
Lervicing and maintenance may be found in Voiume IV, Report F, Sectionm I;
Volume IV, Report D, Section 1II; Volume V, Report C; and Volume III,
Report B, Section 1I. Further maintenance and inspection information

may be found in Volume III, Report B, Section II, paragraph H.
DI-40
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E 3. Installation Configuration and Design foir Safety Considerations

Eagine-mounted components, lines, and fittings have been positioned
to be within the envelope defined by the front and rear meunt rings as
far as possible with the constraints of the airplanc requirements and
physical space. This provides engine structural protection tu the fluid-
filled components and plumbing. Similarly, all fluid-filled components,
except for the overboard drain velves, have been positioned away from ;
the bottom of the engine for impruved installaticr safety. For the ;
Boeing installation a fuel drainage collector tank is provided on the !
bottom of the engine. Overboard drains from fuel comporents of the
engine wiil be plumbed to this central collection tark and thus keep i
thes sirport rawp areas free of fuel., While the airplane is parked, no :
fuel wili drain overboard. The collection tank will be emptied by
aspliration through an internal ejector during engine operatioa.

1 o et 1 R a1

5

All fluid-carrying lines have been designed for maximum safety by
the use of lines with integral ferrules at zl) connections. Integral
ferrules are incorporated by forging and subsequent machining of the
tubing ends to form the ferrule, thus eliminating the need for brazed
connector ends. All line conunections are thrcaded connectors using a
standard 37-degree coue end and a nickel seal. Use of this type of
connection is based upon a record of excellent reliability in flight at
Mach 3+ with the J58 engine. All eagine and enginc-to-airframe inter-
face boundary connections through 1.25-inch diameter are of this type.
Above 1.25-inch diameter size, connections are bolted flanges using the
Haskell design "K" seal. The K-seal has vroved superior for sealing dur-
ing thermal shock tests and from J58 experience in these sizes. All en-
gine connections are the types described, except where other types are
gpecifically requested by the airirams manufacturers. bho brazed con-
nections arve used because of the lack of reliable inspection methods.
All lines and brackets have been designed for thermal deflection, in-
ternal pressures, manufacturing micalignment, and vibratory and maneuver
Yoads. Tube and bracket stresses resulting from thesc loads are main-
tained at a safe mergin below the material yield strength at all oper-
ating temperatures to achieve the hest low cyzlc fatigue iife, Line
brecket spans aire checked to assure that the line and bracket uatural
frequencieg arc outside the engine rotor speed range. Details of the
design of lines, fittings, and brackets ave given in Volume 111, k.port B.

oo

All engine and engine-to-ajirframe interface boundaries for lines and
electrical connections that are in close proximity to each other have
been sized or designed to prevent improper ceonnection to the engine o1
airfrare.

s ———

The reverser-suppressor reversing actuation system has been designed
go that if a hydraulic system failure should occur, the aerodynamic forces
acting on the clamshell segments will automatically move thca to the sub-
gcnic cruise position so that no reversing will result and fovward thrust
is available  The aerodynamicelly-actuated tertiary blow-in doors and §
the reyocser-doors have been provided with an interconnecting lockout !
machenism so “hat reversing cannot take place whilc the tertiary blow-
ir dvors ere in the closed (gupersonic) position.
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As optional equipment, an auwtomatic restart system switch is avail-
able. This engine-mounted awitch senses a drop in compressor discharge
pressure and automatically cleoses the ignition circuit for main burner
relight. The system is not currently shown on the Installation Drawing
but is shown in Volume III, Report B, Section III.

All filter housings in the main fuel and oil supply systems have
pressure sensing provisions at the inlet and outlet of the filter to
permit measurement of filter AP as an indication of filter element clog-

ging.

Provisions for chip detrectors in cagine oil system are covered above.

D. SECONDARY ATRFLOW SYSTEM DEFINITION AND REQUIREMENTS
1. Description

The purpose of the secondary air system is to provide airflow for
veverser-suppressor performance and for cooling of the reverser-sup-
pressor shroud and ejecior trailing edge flaps. 1In addition to these
functions, the system is used to bypass sir from the airplane inlet,
commensurate with engine and aiiframe supersonic inlet requirements.

The Lockheed and Boeing airplanes use distinctly different sec-
ondary airflow systems as a result of different inlet and nacclle system
concepts. The differences have little effect on the basic engine, but
a significant effect on the installation configuration.

The Lockheed airframe system is shown schematically in figure 7.
Secondary air enters the engine nacelle cavity through airframe-supplied
inle. control valves in the plane of the engine air inlet. Tnis also
provides a means for shutting off the air and isolating the engine ares
in the unlikely event of a nacelle fire. The system utilizes the full
nacelle annulus as a flow path, resulting in a pressurized nacelles cav-
1ty aud fherefore sealed from ambleni scatic pressure. An engine flapper
valve system is incorporated into the secondary air flow path at a re-
vetrser-suppressor bulkhead just behind the engine rear mount. The pur-
pose of the valve system is to isolate the upstresam enviroument from
hot gases during reversing.

The Boeing airframe utilizes a ducted secondary sirflow system
shown schematically in figure 8. The system incorporates six ducts ex-
tending from an annular manifold aft of the engine front mount ring to
the bulkhead at the forward end of the reverser-suppressor, The air-
flow is bled from the boundary layer ia the engine gas path and flows in
the ducts to an engine nacellie cavity just forward of the reverser-sup-
pressor. Check valves are incorporated in egch of the ducts at the aft
bulkhead to pievent the reverse flow of hot gases during reverse thrust
cperation. Four of the ducts incorporate hydraulicelly-actuated valves
to throttle secondary flow as requirsd for ggbformance end cooling. Two
of these valves are scheduled by the engine control system to close at
about Mach 2.0 to match the inlet and engine performance requirementes.
At cruise the optiun of manually closing the other two valves is avail-

o |
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ne 1s being vperated at low cruise powcrs. Since the
8 containec ir ducts, the nacelle annulus will be main-
r altitude ambient pressure.

Engine €, —

Enginerh(;:e‘-/\ .’.\\ L\\J L\\

ap Presaurized Nacelle Cavity - ..UV L\
Jﬁ_QLJﬁ ! L sl o - _ "“‘jg;g/)\_
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Naczafle Case Flapper Valve Flow to Reverser-
Suppressor —
Figure 7. Lockneed Secondary Air Flow System FD 17035
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2. Design Objectives ’g

Within the framework of system design and airframe coordination,
the design objectives of the secondary airflow systems were:

1. To provide secondary air to the aft section of the nacelle cavity
compatible with ihe ejector nozzle perfrrmance and reverser-sup-
pressor cooling requirements.

2. To bypass air from the engine inlet at a flow rate compatible with
engine/airframe supersonic inlet requirements.

3. Design Requirements

A minfmum of 2% corrected flow is required at all operating conditions
when the reverser-suppregsor tercilary doors are closed.

The airframe requirements relative to the airflow and inlet compat-~
ibilicy are being conrdinated on a continuing basis with both airframe lf
manufacturers.

4. Design Criteria
Consideration was given to the following factors:
1. Minimize all resistance to flow in the nacelle cavity and in . ﬁ
the bypass ducts

2. Design the secondary airflow inlet geometry to have & minimum
effect on engine inlet requirements

ot

Pa—

5. Design Approach

o

o
PE—Y

Balanced secondsry flow reguiiements for the cagine and the airplane
inlet systems were determined by the same gereral method used for the J58
engine YF-12A and SR-71 bypasg system flow requirements. Flow parameter F
characteristics of each system were determined using component blocksge, ;
net effective flow areas, and compreesibility reiationships. After the
flow characteristics of the system had been established, the balauced flow
wag determined uasing the airframe-supplied inlet pressure and the ejector
inlet pressure for various flight conditions.

R = -

E. ENGINE MOCKUF PLAN

1. Scope and Objectives

This plan describes the methods and planaing used to fabricate, pro-
vide, and maintain up-to-date full-scale engine mockups thrcughout the
JTF17 program. The program provides the eirframe manufacturer and En-
gineering Design with the moat useful and complete mockups possible and
with a cliear conception of the engine external configuration. These mock-
ups are primarily used to ensure engine installation compatibility and
will atd in achieving practical solutions of general configuration de-
tails covering instellation, accessibility, serviceability, and maintain-
ability throughout the design and development of the engine. The plan
further atstes the accomplishments achieved during Phase II-C in pro-
viding full-scale engine mockups to both airfreme manufacturers.

oo B e S e
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2. Organization

The engine mockup parts list is established under the direction of the
Manager, JTF17 Development. A Development Project Engineer is responsible
for coordination between the Product Support Group, who contact the air-
frame manufacturer, and the Design Instaliation Group and for ensuring that
the mockup configuration 1s in accordance with the air{rame manufacturer's
requirements as well as the engine design requirements. These will be
reviewed by the Chief of Configuration Managements. The Product Support,
Installation and Field Engineering Groups are responsible for the coordina-
tion of installation requirements between the airframe manufacturer and
Project Engineering. The JTF17 Engine Design Group is responsible for the
engine design and drawings necessary to manufacture and maintain the
engine mockup.

T

The Product Support Group is responsible for the construction and
maintenance of the mockup engines, including the processing of material
necessary for updating, used at the airframe manufacturers facilities.

3. Description

gngine mockups which are discussed in the following paragraphs can i
be described by the foliowing class definitions: g

1. Class I Envelope Engine Mockup - This class of mockup represents
the overall size and approximate contour of a new engine model
and is intended only to facilitate early instellation studies.

[ : 2. Cless 11 Preliminary Engine Mockup - This class of mockup is
considered satisfactory for preliminary design work and is
- provided early in the design program, prior to the establish-
E ment of the complete engine design. The parts are fabricated
: oy,

tc layoiuis, ami inspecrion is limited tu verification ot the

principal dimensions. Construction materials are usually fiber-

glass with metal fianges for engine cuses, wood with metal in-

serts for accessories, and steel tubing for plumbing. This

type engine mockup <an be updated and maintained to the latest

'3 design configuration.

3. Class III Installation Design Engine - This class of mockup is
intended to be used as &n installation fixture for final installa-

- tion design work and is an exact representation of the external

: details of the released engine design. All parts are manufactured

to released engineering drawings and are inspected for conformsnce

to the manufacturing tolerances specified on the drawings. Construc-

[ tion materials are metal snd fiberglass.
.

4. Reaquirements ]
; Experience has shown thst full-scale engine mockups, because of their

three-dimensionsl nature, play a very important rcole in the initial estab-
lishment of engine component clearances, plumbing routing, and for sub-
gsequent checks of the engine in the airframe.

o

ooy
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During the Phase 1I-C program, cne full-scale engine mockup was de-
livered to each aivfreme manufacturer; each mockup represented the JTF17
specifically designed for the respective sircrafr., At the same time, two ]
other engine mockups have been maintained and used as in-house engineering i
degign mockups. Esch incorporates the major features of the basis engine :
and the differing airframe coufiguration.

During Phase IIL, & Class II engine mockup will be maintained at
Pratt & Whitney Aircraft and continuously updated to incorporate the latest
design changes. Concurrently. a duplicete set of parts will be fabricated
and forwarded to the airframe manufacturer for incorporation into and up-
dating of their Class II engine muckup.

The Boeing Company has requested one and possibly three additional
Clgss 11 engine mockups of the Boeing JTF17 engine configuration for
delivery early in Phase III1. Approximately two vears later, Boeing has a
requirement for two Class 111 engine wockups representing a firm con-
figuration for the prototype engine, Lockheed has requested an updated
Class II engine mockup iIn 1967 and two Cless 111 engine mockups for delivery
in 1968 representing a firm configuration for the JTFl7 prototype engine,

The updeted Class II and the Class ILI Pratt & Whitney Aircraft mock-
ups will be used as design tools for coordineting all proposed changes
with the airframe manufacturer and for visuslizing the Installation Draw-
ing changes. These engine mockups will be manufactured as required and
deliverad in accordance with the schedule.

-

Throughout the SST engine program, emphasis will be placed on main-
tainability and accessibility features of rhe engine, the engineering
mockups will aid in identifying such areas. Some of the features which
will be emphessized are: ¥

]
Emea it

1. Quick disconnect features for components t

2. Clesrly ideniified service check points such as filters, chip :
detectors, pressure and temperature check points, and oil tank
servicing points,

3. Inspection provisions such as borescope, access plugs, and
access covers. I

5. Mockup Changes and Review

—n

Should the airframe menufacturer's review of the Class III engine
mockup indicate a need for configurational changes, field survey lay-
outs will be prepared for ai~frame manufacturer review und approval.
This procedure is described in detail im Volume V, Report C. If the €
change affects the engine mockup, parts will be made, checked out on H
the Engineering Design engine mockup, and gent to rhe zirframe manu-
facturer for installation on the engine mockup. When the revision is i
satisfactory, and the field survey approved, the engineering change will ;
be processed and incorporated into the Assembly Psrts List Complete.

The engine mockup meintained for Pract & Whitney Aircraft Engineering
Design will be available for inspecticn or Mockup Review after completion.
Tentative suggested schedule dactes are shown on figure 9. On notification
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by the FAA, Pratt & Whitney Alrcraf: will provide the facilities, services,
personnel , and material for an engineering inapection of this JIF17 engine

moc kup, following the general procedures for Mockup Review in ANA Bulletin
406a .

6. Bar-grovrd and Fecilities

Pratt & Whitopey Aircraft haa accumulated over 200 man-years of ex-
perience in building jet engine mockups for both military and commercial
programs. The Installation Engineering Mockup Group and FRDC Engineer-
ing Design have provided mockups in recent years for aircraft programs
such as the C-141, F-1.1, B-52, 707, 727, DC8, SR-71, ¥-12, and the Jet-
star. Photographs of typical mockups are provided in figures 10 through
15. The experience of the Connecticut and FRDC personnel, the 11,300 sq.
ft of mockup desfgn, manufacturing, and assembly facilities in Connect-
icut and the 6,400 sq ft of mockup and assembly area at FRDC are avail-
able for the SST program.

F. ENGINE INSTALLATION HANDBOOK

‘The Installation Handbook will be provided as a zeparate enclosure.

1967 1868 1969
JAN SULy T _JAN APR JULY OCT JAN APR JULY
' Rrnh ot | i 1 I
LOCKHEED !
L-2000 ‘ 1 4
P
i
INSRAReRA RRENEE NN
BOEING B2i01 || | | SR bt
* it Reguired CLASS i1 S
CLASS 1112
MOCKUP
REVIEW
PAWA
ENGINEERING
ESIGN MOCKU
Figure 9. JTF17A-21 Mockup Schedule FD 17641
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Figure 10. JTF17A-21B Mockup, 3/4 Right
Front View

Figure 1}. JTFi7a-2iL Mockup Delivered to
Lockheed, 3/4 Right Front View
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,' Tgure 12, JTF17 Mockup, Typical Closeup
Showing Main Fuel Gontrol, Main
Gearbox, Main Fuel Pump, and

f Engine Hydraulfe Pump
{
!
i
Figure 13. JT11D.20 Mockup (J58), Right Side
l View

L]
.

Flgure 14, TF30P-1 Installation Design Engine,
3/4 Left Front View
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Figure 15, JT8D Installation Design Engine
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SECTION 11
INLET SYSTEM COMPATIBILITY

A. OBJECTIVES AND INTRODUCTION

The development of a compatible high performance engine/inlet system
is & primary requisite for initiation of supersonic transport flight
testing. In order to accomplish this development within the allowed time
schedule, P&WA and the airframe manufacturer will pursue, from the car-
liest possible date, a vigorous, coordinated program consisting of analyc-
ical studies, rig and model tests, and full-scale inlet and engine te;ts.
As shown in the following zections of this report, analvtical studies
relating to determination of inlet and engine steady state requirements,
dynamic compatibilfty, and distortion compatibility are already underway.

P&WA has over eight years experience in development of engines designed
to operate at flight speeds equal to or gresater than those planned for the
SST. For example, the J58 engine has accumulated more flight time at and
above Mach 2.7 than all other engines in the free world combined. The
knowledge acquired as a result of this extensive experience has been incor-
porated into the design and development plans for the JIF17.

Our experience has shown that it {s necessary to integrate the engine
and airframe iniet duct at the earliest possible date. Therefore, to
avoid the possibility of delays in the flight program and the complete
engine-nacelle test program at AEDC, initial compatibility tests will be
accomplished early in the engine development program on compressor cam-
ponent rigs and development engines. In view of the rapid modifications
that sre desirable in the early development cycle (and long lead times on
experimental parts) the most efficient way to accomplish this testing is
in the manufacturer s test facility. Thus, a large portion of the inlet/
engine compatibility testing will be run in the extensive P&WA sea level
and altitude engine and rig teat facilities in preparation for the scheduled
complete engine-nacelle tests at AEDC.

B, AIRFRAME/ENGINE COMPATIBILITY AGREEMENT

The Engine Inlet Compatibility Test Program hes been coordinated with
the airframe manufacturer and included in the following documents:

1. Boeing:
“Coordinated Inlet/Engine Test Plan" Cowmercial Supersonic Trans-
port Program Report D6ALQOOGT7-2
Engine/Airframe Technical Agreement Number D6A10199-1 P&WA

2) Lockheed:
L-2600 Airframe/Engine Compatibility Agreement Exhibit A
P6WA Interface Control Document
Lockheed Phage ¥YTY Propcsal Volume IIE, Section 8

AEDC Inlet/Engine Test Plan

DII-1
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C. ENGINE INLET COMPATIBILITY TEST PLAN

The compatibility of the engine aand inlet will be tested in logical,
sequential steps leading to the prototype flight test. Significant test
milestones are shown in Table | snd the tests are more fully described in
the following paragraphs.

e s e i

1. Program Integration of Fan/Compressor Rig Testing

Steady-state evaluation of simulated inlet total pressure distortion
during fan rig tesits provides early indications of engine distortion
tolerance and engine/inlet compatibilitv. Concurrent full-scale engine
testing will incorporate the fan/compressor configurations developed
during this test phase that exhibit major improvements in distortion H
attenustion. Full use will be made of analytical simulation rechniques
to complement the testing phase, and improved techniques used a3z they
are validated. Also, test data will be used as it is obtained to update
the anazlytical simulation program. The testing and analytic processes
necessary to aitain distortion compatibility are inter-related and neither
can preoceed rapidly without the other.

SO

frcasins

i g

Informat{on obteined from distortion testing with the fan will be
utilized to obtain representative duct burner end high compressor inlet
profiles for additional component tests. The importance of fan/compres-
gor distortion testing is emphasized for two reasons: first, this is
the earliest and most economical means of evaluating distortion compati- !
bility problems and second, this testing provides data which is essential
for the engine test phase,

Table 1. Engine Inlet Compatibility Testing Proposed Milestones

1. 0.6 Scale Fan Rig - Distortion generators will be used
to simulate patterns obtained from airframe wmanufacturer Feb. 1967
testing of model inlet,

2, Rematched Engine - Testing with distortion generators will
be done ¢tz evaluate disiorrign sttenuating infiuence ot
high compressor. The dgata will be compared to fan rig
distortlon test data.

3. 0.6 Scale Fan Rig - The fan rig will be tested at Willgocs
Laboratory with the subsonic diffuser portion of the air-
frame inlet. These tests will evaiuate the subsopic dif- July 1967
fuser performance with static pressure gradients imposed
by the fan.

4., 0.6 Scale Fan Rig - Variable vane gimulation of high com-
pressor. Test with required back pressures to reproduce
circumferential variation of flow determined from the
rematched engine. Corroboration of this data when com-
pared te the rematched engine distortion data will allow
development of fan to continue on isolated test basis.
Data wiil also be compared with analytical calculations
of distortjion effects for corroboration.

5. 0.6 Scale Fan Rig - Willgoos Laboratory testing with the
subsonic diffuser portion of thc airframe inlet. The
July testing will be repeated to evaluate any changes
indicated by the earlier test series,

DII-2
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Table L. Engine Inlet Compatibility Testing Propoa2d Milestones
(Continued)
6. Full Scaie Fan - Test ng to be done at FRDC altitude
facility with variable vane simulation of high compres- Jan. 1968
sor. Distortion generators will be used to simulate an.
patterns obtained from aizf .-~ manufacturers testing,
7. JTFl7 - Engine will be teste. with distortion genevaters
to simulate patterns obtained by airframe manufact.:=2rs Nov. 1967
I\ -

testing. Steady state and transient performance will be
evaluated.

8. JTF17 - Engine will be tested with the subsonic dicfuser,
flight configuration bleeds, and their controls. Data
will be taken at cruise to check performance and preview
dynamic compatibility before AEDC testing. Sea level
static testing will be done to evaluate performance and Aug. 1968
distortion effects with a full inlet on the engine.
Starting schedules will be optimized. The inlet will be
aperated in a near choked condition for fan noise atten-
uwation studies.

9. JIFL17 - AEDC Test Facility - A ground test eugine with
the supersonic inlet will be tested. Configuration will
be 2 complete engine nacelle svstem to simuiate che free
gtream inlet.

Sept. 1658

10, Flight Tests - Propulsion system performarce and engine/
inlet compatibility will b2 evaluated during the initial
100 hour flight test prograw. Fligni tests are scheduled
to begin as follows:

Beeing lst Prototype December 1969
2nd Prototype February 1970
Lockheed 1lst Prototype March 1970
2nd Preotetlype June 1970
2. Inlet Digtorrion Czncrator Tesis

The carly compatibility tests will consist of compressor component
tests with simulated steady state distortion generated by distortion
gscreens (figure 1). S8ince the distortion will vary both in magritude
and pattern as & function of flight Mach number, several representative
distortion generating screens must be available. This also means that
the simulation screen should be readily changed as a function of rotor
speed and thus dewclopment of a remotely variable dictortion generator
will be undertaken. During these tests the presence of bleed ports and
obstrictions in the vicimity of the compressor inlet will L= simulated
as thev can have an sppreciable effect on the velocity distr‘bution.
Also important is the dupliration of the static pressure fie !, This
will be accomplished by comstructing the inlet section of the test
facitity to conform with the geometry of the iniet diffuser. Of partic-
ular importance is the section within approximately one diameter of the
fan face including simulation of bleed flows. Coupling the fan to the
tnlet diffuser will modify the inlet distortion, but this effect is
expected to be of second order importance.
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Bleed Duct ———romm
e Exit Guide
— Iplat Flow Bleed Port - ‘an-Stu;e Vane
Duct Bellmouth 7 Rotor— -
Distortion Screen h
Airflow D
I1st-Stage Rotor ——"
2nd-Siage
Inlet Centerbody & Stator
1st-Stage Stator —
Figure 1. Fan Compressor Distortion Screen FD 16680
Test Rig DI1

In supersonic aircraft, such as the YF-12, F-lil and Mirage IIIF,
the surge tolerance is related more to the maximum instantaneous distor-
tion produced by the inlet than it is to the time-averaged distortion.
If the diustortion pattern that exists just prior to an in-flight surge
is recorded, it can be reproduced statically by distortion screens,.

When this is done, a test engine which is run with these screens will
surge at the same operating conditions that accompanied the ian-flight
surge.

It is {imperative that the ingtrumentation used in the development of
inlet-eagine compatibility possess high response capability. Experience
has shown that inlet flow perturbations exhibiting time-variant character-
istics that change in a period less than (0.0l seconds are not uncommon in
supersonic propulsion systems., Such non-steady distortion finds its
source in flow perturbations generated both externally and internally
with respect to the inlet. Distortion generated externally tc the inle:,
and subsequently ingested, may be caused by gusts, landing gear, or other
aircraft wakes. Internally generated distortion may ke caused by fluc-
tuations in inlet shock pusiiion, boundary layer separation from the
subsonic diffuser walls, instability in the inlet control system, and
other related causes.

Figure 2 shows a time history of inlet pressure stability for an
engine stall that occurred during high altitude inlet-engine development
testing at Mach 2-plus. The inlet pressure fluctuation that generated
this engine stall was delineated by high-response instrumentation.
During earlier tests time averaged distortion measurements failed to
indicate the cause of surge. When high-response instrumentation was
incorpori;ed, a sharp increase in distorticn was observed to precede
surges resulting from digtortion.

Inasmuch as the instantaneous extremes of inlet distarticn ave of
significant interest in the development of a compacible inlet-engine
system, the test inlet instrumentation should have response times on the
order of one millisecond.
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DELTA
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20
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APPROX 60 1.0 0.035
TIME PRIOR TO STALL - sec
Figure 2, Time History Stability of Inlet FD 17643
Pressure Stability for an Engine DI
Stall

3. High Compressor Simulation Tests

The necessity to simulate the high compressor during fan distortion
testing is supported by analysis and testing. This work has shown that
the high compressor has a stabilizing influence on the performance of
the fan while operating in a distorted flow field. This beneticial
influence of the compressor is the result of the characteristic of the
front stages of the compressor wherein the stability of the flow increases
as the corrected speed approaches 100%. Because the corrected speed of
the high compressor remains above 80% at all conditions between takeoff
and cruise, the airflow at a given NzAJ§T3 is nearly constant. This
effect induces a stable flow at the back end of the fan which, in turn,
reduces the effect of inlet distortion, The reason is that the fan root
velocity and flow are mafintained by the pumping effaect of the cowvressor,
eveu though the total pressure is low.

It should be noted that high compressor effects on fan flow do not
alter the total pressure field at the fan face. Rather, the high com-
pressor exerts a substantial infiuence on the fan root static pressure
zone whose flow is destined for the high compressor by depressing the
static pressure field in thoge regions corresponding to low total pressure
zones in the fan flow exiting into the high compressor. The net result
of approximating the static pressure fleld strength to that of the total
prescure field is the tendency to maintain a constant velocity throughouc
the flow field, despite the presence of ron-uniform total pressure gra-
dients. A uniform velocity flow field is beneficial to fan performance
in that design levels of blade loading are not exceeded because low-
velocity~-induced rotoxr blade stall is avoided. Thie charactevistic is
discussed in detgil in Report A, Section IITA - Fan/Compressor Performance.

A circumferentialiy-variable back pressure capability will be incor-
porated in the engine annulus portion of the fan rig discharge and will
simulate the abuve characteristic of the high compressor by diverting high
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energy air flow into those engine flow zones of low snergy. The degree
and circueferential extent of back-presaguring will be initially predicted,
and later modified as required when teating of the rematched engine rig is
inittated for quantitative determination of high compressor-fan inter-
action effects, Figure 3 shows a representation of this apparatus. The
individual groups of flow controllerg are independently positioned at the
exit of each duct partition such that the proper circumferencial distribu-
tion of the engine flow Mach number is attained within each segmeni of the
engine duct,

~Flowe Splittas

o
[ T Eagion Duct Frow

Centrol Vans

& €A
Engine Flow
Duct Flow
Eea———

Auginentor Duct
Splitter

F.ngine Duct
Flow Controllor
(Gos Bketch B)

Veriabie Vanes Allvw Indepondent
Contiol of Each Partitioned
Channel, the sum of Which

: \ ,_} Comprise the Engins Flow Dust
= L 1222 ]
}____g

Figure 3, Inlet Test Rig Schematic FD 16779
DIl

4., 0.6 Scale Fan Rig Teats

Initial fan component tegting will be accomplished using a 0.5 gcale
fan rig with distortion screens that duplicate the total pressure inlet
distortivn of the airframe manufacturer's inlet, 1In order to attain a
wwre realistic and meaningful teat, the fan rig will include circumferen-
tlally variable, back-pressure apparatus described in the preceding para-
grapk, Without the flow controllers in the engine duct, digtortion test-
iug of the 0.6 scale fan rig is useful, but in matching the predicted
annular distribution of compressor &ir flow the stabilizing =ffacts of ihe
high compressor presence are simulated,

The majoricy of testing to refine the analycical simulation program
used for the prediction of digtortion effects will be done using this
rig. Distortion screen testing intended tc support and/or modify amalytic
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theories will not be limited to usage of airframe inlet patterns, but
will also incorpovate distortion screen-generated perturbations aimed
at the clear delineation of specific effects and their related causes.
This testing is necessary to supply the calibration constants thac will
be progressively incorporated in the analytic prediccion theory.

5, Rematched Engine Tests

Early in the program, distortion screen testing using a medified
engine will be accomplished. This engine will be modified by means of
rematching to allow operation mear its surge line at wheelspeeds corres-
ponding to cruise operation. The method employed to induce fan surge
will consist of progressively back-pressuring the au: mentor duct, driving
the fan into surge. Closure of the augmentor nozzle provides this back-
pressure capability (A description of this engine is presented in Volume
111, Report E, Section IIl).

The test objectives of this rematched engine are to determine the
significance of high compressor interactions with the fan. These test
results will be correlated with 0.6 scale fan rig distortion data, both
with and without the latter's engine duct flow controllers. Necessary
adjustments to the 0.6 scale fan rig flow controilers will be made on
the basls of rematched engine test results, allowing further usage of
the less expensive fan rig.

6. 0.6 Scale Bollerplate Subgonic Diffuser and Fan Rig Tests

An additional step in inlet-engine component compatibility testing
makes ule of a 'boilerplate" subsonic diffuser as supplied by the air-
frame contractor in conjunction with the 0.6 scale fan rig., This unit
will be constructed such as to duplicate the inlet subsonic diffuser.

A properly-positioned normal shock and preceding oblique shock will be
ptoduced at the entrauce to the subsonic diffuser. The influence oi the
bleeds, and to a degree, the shock-boundary layer interactions will pro-
vide a partial simulation of inlet dynamics. The 0.6 scale fan rig used
with the beilerplate inlet will permit an evaluation of the subsonic
diffuser performance under more vealistic eperating conditions than

were possiblie during inlet model tests.

7. Full-Scale Fan Rig Tests

Following the 0.6 scale rig program will be full-scale fan distortion
testing with engine duct flow controllers. Those fan configurations that
show sufficient gains in distortion tolerance can be directly transferred
to the concurrent complete engine program for further tests, As pre-
viously noted, the duplication of high-compressor interactions with the
fan by uge of a fan rig with controlled engine duct flow should provide
accurate simulation of the engine fan characteristics.

Periodic crogs checks will be made between results of this rig and the
engine tests.
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8. Complete Engine Tests (Ref. Vol. III1, Report E) !

As a logical extenaion of the rig and modified engine test work de-
scribed in the preceding section, the development of a compatible inlet-
engine combination will be pursued through full-scale testing. Total
duplication of the operating environment can be accomplished only by -
sctual flight test, Hecwever, very early in the development cycle,
rigorous experimental and analyiical ilnvestigation can be conducted
such as to include the great majority of in-flight variables. These tests
will lead up to the full-gcale simulated flight Mach number inlet engine
compatibility test program that is planned for the AEDC facilities at
Tullahoma, Tenneggee and continue intc the 100-hour prototype flight test

programn, ﬁ

Py
P

v

[

“he primary objectives of full-scale engine testing include:

Correlation of results with rig disvortion testing.
Evaluation of engine trangient response in the presence of
digtortion.
Evaluation of the effects of distortion on:

Steady-state enginz performance

Turbine inlet temp: . atuxe profiles

Duct heaver operation

Altitude relight
Checks on the validity of the analytical gimulation programs
and updating as required.
Establigshment of inle:t and engine control systems compatibility.
Correction of gross inlet-engine problems before proceeding
with the AEDC test plan,

& et

emmeniuind

= e

a, Testing with Distortion Screens

The airframe manufacturer will supply to P&WA the inlet distortion
profiles obtained during the airframe inlet model test program. These
profiles will depict both the time averaged distorrion and the maximum
instantaneous distortion recorded for cach of the Mach numbers and atii-
iudes iavegtisared, Dilstortion generaturs will be used to reproduce
these patterns during engine test so that ultimately the engine fan
will accommodate the digtortion pattern of the actual airframe inlet.

e TemomemR

Experience in developing engines to operate in harmony with super-
sonic inlets has demonstraced that blockage screens installed one or two
engine dismeters ahead of the engine face in a properly constructed short
duct can be used guccesgfully to subject an engine or compreasor rig to
the distorted pressure field produced by an actual aircraft inlet, 1f,
in the actual Inlet duct, any hypass bleed doors, bends, etc.,, exist
within the above-mentioned digtance from the engine face, they will be
duplicated in the test stand representation.

v

o

It is not gufficient to congider omly the overall time-average dii-
tortion. As was indicated in the preceding section, the distortion paitern
produced by an inlet shead of an engine can be expected to vary with time,
Experience has shown that if the distortion pattern that exists just prior

j oo
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to a surge is recorded, and reproduced by the above mentioned distortion
screens, the test enpgine will surge at the same operating conditions
that accompanied the surge.

As discussed in Report A, the fan and compressor development will be
directed toward attenuating the distortion profile. First stage turbine
vane leading edge thermocouples will be instaliled to measure the effect of
distortion on the turbine inlet temperature pattern,

The program will begin with testing in the P&WA sea level test stands.
The inftial tests will be designed to permit a comparison of the engine's
takeoff performance obtained with a conventional bellmouth to tnat which
results from rumning with the distortion screens described above. The
engine/inlet characteristics will be evaluated at all engine conditions
to demonstrate the ability to tolerate the distortion levels associated
with landing approach, and after takeoff, with the thrust cut-back for
community noise abatement., A demonstriation of the JTF17's ability to
function without performarce loss or surge during these critical phases
of operation will help engure the development of an airplane that is both
safe and quiei.

Following the sea level tegt, the distortion program will be shifted
to the PSWA altitude test facilitles. The program to be run in this
facility will permit a detailed determination of the eifects of inlet
distortion on overall engine performance, required control schedules,
duct heater efficiency, lighting limits, augmentor-blow-out limits,
windmill relight characteristics, and turbine inlet temperature patterns.

In the event the distortion levels from the aircraft inlet mode' tests
exceed the limits presented in the engine model specification, the test
program wi'l be aimed towsrd an evaluation of the effects of this distor-
tion. Modifications will be proposed either to jmprove the distortion
patterns supplied by the ajirframe menufacturer or to accommodate the
inlet distortion in the engine. These modifications will be evaluated

in a cocordinated program with tne airframe manufacturer. This will cnsure
e development of a propulsion package that provides optimum performance

and sbability in a minimun amount of time and with minimum cost.

The simulated altftude program will consist primarily of steady state
calibrations plus normal augmentor transiente. This will provide not only
a demonstration of satisfactory engine performance but will verify the
JIF17 ingensitivity to reasonable inliet distortion during augmentor lights,
throttle excursions with the augmentor 1lit and augmentor shuto f transients,

b. Testing with Simulated Inlet
(1) Boilerplate Subgouic Diffuser Tests

To more nearly simulate in-flight inlet dynamics, a boilerplate
facsimile of ithe subsonic diffuser portion of the inlet duct {schemat-
ically illustrated in figure 4) will be installed ahead of the engine in
the P&WA altitude test facility. This facsimile will be designed to
produce a representation of the last oblique shock and the terminal
normal ghock associated with the actual inlet. The duct representation
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will include the inlet boundary layer bleed and bypaass systems ..ad their
assocjated controls. The program to be run with this configuration will
be primarily directed toward an assessment of the cffects of inlet and
engine dynamics on propulsion system compatibility. The test objectives
will {nclude an evaluation of the effects of terminal shock location,
turbulence, and bypass flow variations,

Modified Centerbody for
Subsonic Diffuser Testing at

FRDC ,
Pert Bleed Extraction Overboard Bypass
Cowl and Centerbody) Bleed Extraction
e s v - o t—

Aatreme gy :
-/ \- R— LY
\- Normal Shock Fan -/

Airframe Cowl

*Used to Attain the Correct Mach No. Ahead of the Normal Shock

Figure 4. Inlet Duct Subsonic Diffuser FD 17647
Schematic DIX

Within the limits imposed by the facility, tests will be conducted
to determine the inlet duct response to engine transienis and engine
response to the inlet. These will include normal duct heater lights and
shutoffs, engine acceleration and deliberately provoked airflow excur-
siong beyond the normal tolerance limits.

In addition to evaluating the effects of engine transients as described

above, the program will also include an investigation of the effects of
bypass bleed valve excurasions, variations in boundary layer bleed extrac-
tion, etc.

Artificially induced flow disturbances will be used to permit an
evaluation of the gensitivity of the propulsion system to inlet boundary
layer separation.

(2) Boilerplate Full Inlet Duct Tests

A boilerplate representacion of the full inlet duct will be tested
for compatibility on a JIFl7 engine on a P&WA sea level teat steond,
These tests will be designed to investigate the effect of distortion
on trensient operating characteristics of the engine. This will be
accomplished by subjecting the engine to a series of increasing rates
of acceleration and deceleration.
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A proper evaluation of the etfects of distortion on engine transient
characteristics cannot be limited sclely to gas generator traunsients but
will include augmenter transients and an investigation of the effects
of inlet presgure loss on starting characteristics. This phase of the
test program will veritfy the engine's tolerance to distortion during
typicil duct heater light and shutoff transients. 1In addition to pro-
viding high efficiency and good stability during steady state operation,
the augmentor and control systema are specifically designed to avoid fan
surge during transients. A series of starting tests will also be con-
ducted to define the optimum fuel control schedule with realistic inlet
duct loss and distortion.

An important part of the noise abatement plan is the use of a choked ;
or near-choked inlet duct to rveduce forward propagated rotor noise !
during landing approach. A series of tests will be run in the P&WA

sea level test facility to ensure freedom from any problems during this
mode of operation.

9. Instrumentation

The instrumentation needed for inlet-engine compatibility is divided
into two categories, static instrumencation for quasi-steady engine
operation and dynamic instrumentation for time variant processes that
require a high degree of definition., Both types of instrumentation are
useful in the isolation of component interaction eifects, these effects
being obtained by comparison of the component performance within the
system to individual test performance. 1In addition to the instrumenta-
tion required tc determine overall engine performance, special instru-
mentation will be installed to permit evaluation of the effects of dis-
tortion on turbine inlet temperature profiles, duct heater discharge
temperature and pressure profiles, duct heater efficiency, etc. Dynamic
instrumentation with response times of less than one millisecond will
allow accurate definition of transients during the control compatibility
and distortion testing.

10. Compatibility Tests in AEDC Facilities

The test program described above will lead up to compatibility
tests of the complete propulsion package that are scheduled to be run
in the AEDC propulsion wind tunnel jin Tullahoma, Tennessee, The details
of this program are covered in the engine-inlet compatibility test plans
that have been coordinated between Pratt & Whitney Aircraft and the two
airframe manufacturers. The Pratt & Whitney Aircraft test program is
designed to reduce the number of problems that may be encountered during
the complete propulsion package compatibility evaluation at AEDC. The
time spent in the 16 foot wind tunnel at Tullahoma may then be devoted
exclugively to evaluation of those facets of the propulsion system com-
patibility investigation that can only be handled with rei*istic external
flow.

il. Flight Tests

The ultimate test of the engine/airframe compatibility will begin with
the 100-hour flight teet of the prototype supersonic transport. The
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propulsion system performance will be monitored by instrumentation and i:
recording devices. Engine/inlet compatibility and performance and the
operation of inlet and engine control systems will be evaluated in i
various steady state and transient flight conditions throughout the il

flight envelope. 1In addition, extreme and abnormal flight conditions
will be simulated in flight. Pratt & Whitney Aivcraft will prepare a .
propulsion system flight test program in coordination with the airframe L
manufacturer and will provide full support for the flight tests through-
out the program.

12. Cross-Check with Analytical Simulation ;

Throughout the test program described above, a continuous cross- 1
check between engine test results and the analytical simulations described
in the following section will be maintained. This will permit updating
of the various simulation system gains and time constants and will ensure
that the desired stability and performance requirements are met, Further-
more, this effort will permit an incorporation of the effects of inlet
distortion and representation of certain failure modes into the simula-
tions,

e,

D. ANALYTICAL SIMULATICN

1. Introduction

[ Siiptenge |

Engine/inlet compatibility over the entire range of operation is
important to the design and development of a supersonic propulsion system. !i
The interactions between the engine and inlet are so many and complex
that it would be hopeless to develop the system with a seacv-of-the-pants,
cut-and-try approach. Computer methods have been developed that allow
dynamis simulation of inlet, engine and control systems., Use of theae i
simulations permits the choice of proper control modes in the design
stage rather than after flight test. Simulations continue tc be valuable
diagnostic tools throughout the development and flight test program, r
wvhen measured component performance can be substituted for the ogiginally
cstimated valucs in the computer. Dynaiic siwmclation is thus parifcularily
useful in simulating flight test problems and exploring various means of
solution through control system changes and adjustments prior to actual
flight testing of such changes.

Pratt & Whitney Afrcraft has made extensive use of dynamic simula-
tion to design and imprcve its engines. For example, during the design
and davelopment of the RL10, liquid hydrogen fueled rocket engine, dynamic
gimulatfons of the system required approximately 13,700 computer hours.
Solutions to pump stall and control instability problems were found that
were then confirmed by hardware tests, leading to a record of 48 engines

Ll o

flight tested without a failure. Similarly, for the J58 high Mach number ﬁ
turbojet engine, dynamic simulations of the engine/inlet system conducted i
in cooperation with the airframe manufacturer early in the program,

invelving 8430 computer hours, led to inlast control and engine control :
modifications before expensive hardware was committed, As a vesult, !

compatibility between the engine control system and the inlet control
has presented no serious problems in the J58 installations,
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Following this precedent, dynamic simulations of the JTF17 engine and
control systems with the airframe inlet have been prepared and studied for
approximately 2900 hours to ald the design and development of these systems,
As rig and engine test data become aveilable they will be wused to verify
the simulation and contribute to further improvement of performance. During
Phase II1 and the remainder of Phase II, gains and time constants of the
engine and contrel system will be continuously updated as required. (Refer

to Report BIIIC and D and Report EI and II for complete discussion of
engine and control test plans.)

2. Analytical Technique and Simulation
a. Technique

The objective of a dynamic simulation dictates the analytical technigque.
Fngine/inlet compatibility simulation technigues range from the use of
several simple test signal type simulations to IBM 360 compurer simula-
tions. These simulations compliment each other. Simple simulations provide
rapid parametric analysis of quasi steady state opervation. Complex
simulations provide detailed analysis of large scale enpinefinlet trersients,

The dynamic analysis of the JTF17 englue/inlet propulsion system requires
both simple and complex simulations. Simple simulations have been programmed
on digital aund analog computers. A complex detailed simulation has heen
programmed on the IBM 360 digital computevr. These programs have been closely
coordinated with both airframe manufaciurerg to ensure the integrity of both
the steady state and dynamic characteristics of the engine/inlet simulations.

As shown in Figure 5, typlcal engine operation at a glven flight conditios
consists of a constant airflow regime and a non-constant sirflow regime.
Afrcraft operation, except for descent, is expected to be in the duct heater
lit constant airflow regime. A complex highly detailed simulation is used
for the study of transients invelving large variations in airflow, flight
condition, and for failure analysis.

b. Simuliarion

(1) Digital

Digiral Computers are utilized for dynamic simulations by including
the proper differential equations necessary feor rotor inertia, mass storage,
and control dynamics. Transients are calculated by computer cycling through
the simulation for finite time increments. This time increment is selected
to be compatible with the simulaticon dynamic characteristics. To illustrate,
a simple first ovder lag is programed as follows:

In Laplace Notation Output _ 1
Input Yys + 1

~

'néuuﬂ.iC&llyi (aee figure 6)

The calculation can be unstable if the time increment for calculation is
not compsatible with the time conitant of the system.
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The desired result is shown in figure 7.

The above plot demonstrates s stabilityr criterion necessary in digital
programming of dynamic simwiations. The time incremsznt used in the calculation
sheuld be equatl tc or less thavw the smallest tine constant {1 the system., The
exact solutior is approached by decreasiag the size of the time Increment.

« Noproastaut
3 - Ajrtlow - vw~mm Constant Airflow Scheduling ————-—e
Scheduiing
z ]
3 | |
% f—»—*-& 8
I Idie
3 ; o Airflow Idle
<3| /‘ [s] Maximum Rating - Duct Haater Not Lit
[+ 4 <& Minimum - Duct Heater Lit
g::. o Maximum Rating - Duct Heater Lit
L]
Idle Mazimum Rating Maximum Rat§'|1|
Duci Heater Not Lit Duct Heeter Lit

POWER LEVER ANGLE, PLA

Figure 5. Typical Engine Operation FD 16695
DII
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Figure 6. Schematic Representation of a FD 16691
Simple First C der Lag DIL
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The Desired Result is:

T = Time Constant
r"”"] Vs Initial Slope
v 7" P ———
< s
5
@ \~—— Exact Solution = Input (1-e VT
TIME
Unltlble‘\
Possible Digital Soluti ns AT = 27
jn—T"
|
S P
gl gl 7x°
@ sl % = 1.07
N osr
TIME
Figure 7. Stability Criterion for Digital FD 16692
Frogramming of Dynamic Simulations DII

(a) IBM 1620 Simula:ions

Simple inlet simulations received from both airframe manufacturers have
been programmed for checkout and study on the TARM 1420 computer. Figure 8
is a Tlock diagram and a schematic of the Boeing Aircraft inlet simulatrien.
Figurz 9 repvesents the duct dynamics and bypass control system of the
Lockkeed Alrcraft inlet simulation. The use of these simulations is dis-
cussed in paragreph 3, Analytical Studies. These simulaiions represent
early .stimates of the dynamics of the two inlets. The response and
dynamics aof both inlets are being improved through continued alrframe
develcpment and test. Revisions to all computer simulations will be
incorporated as they become available.

{b) 1BM 360 Simulatione
(1) Engine/Inlet Dynamic Siiwulations

A compiex, highly detailed engine and control simulation has been
prepared for study on a. I8M 360 type digiral computer. An interface
deck has been written to enable coupling of the engine/coutrol deck with
&n inlet simulation. The program can operate with or without an inlet
simulation. This engine/control simulation has been sent to the airframe
wmanufacturers for their engine/inlet compatibilit: studies. The simulation
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is very versatile. All power lever transients from idle to maximum duct
heat are avallable. The simulation operates at all flight conditions
within the flight envelope. Flight condition and/or ambient condition
can be changed as & function of time. Failure modes such as windmilling
and blowout are available.

Eugine/inlet transients are simulated by computer cycling beginning
at the aircraft inlet and progressing through the engine control and
engine component calculations to the exhaust system. Figure 10 is a
simplified block diagram that depicts the flow of information that occurs
in the engine/inlet system. TFigures 11 through 14 show detailled block
diagrams of the engine control as programmed for this simulation. Inlet
simulaticons from the Boeing Company and Lockheed California Company
have been programmed for JTF17 engine/inlet compatibility studies with the
JTF17 engine and control. (See figures 8 and 9.) These simvlations
represent early estimates of the two Iinlecs and are dynamically identical
to the simulations discussed above.

Mhech Position Looy
Trag * Mreermer Iutsn does Sonsim Bgl

.
1 cem) ] BOENO COMPEINIVE DATA
Figure 8, Boeing Simplified Inlet Block FD 16700
Diagrem and Schematic DII
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(2) Stability Analysis

An 1M 360 calculatioa routine is used for stakility estimates. To
analyze system stability a mathematical wmodel ¢f the dynamic properties
of the system is constructed in the form of a block diagran. Each block
in the diagrvam containg a mathematlcal expression (in Lanlace notation)
which represents the dynamic characteristics ¢of a system componenr. The
blocks are connected by lines representing the flow of interactiou between
components. The blocks are combined in a manner similar to combination ct
series and parallel electric components until the system ‘s vepresented by
one mathematical expression in one block with oae input and one dutal.
This single blcck transforms the input into the cutput and is called the
system transfer function. The Lransfer function facilitates the frequency
response aralysis of system stability. Using the transfer function, the
system output 1in response to a sinuscidal input can be determined. The
magnitude and phase of the output wave relative to the input wave are
calculated for a wide range of input {requencies, This putput/input
relationship is compared with established, mathematically derived
criteria for divergence and limit cycle iInstability to determine if a
system will be stable.

The IBM 360 calculation routine periforms the following functions:
(1) makes the detalled algebraic computatinns of reducing the block
diagram t¢ transfer funmction form, {(2) calculates the magnivude and
phase of the output relative to the input, for a giver frequency faput,
(3) automatically plots frequency response results in any of several
formats, (4) and in addition calculates parameters of interest including
gein and phase margins and error coeffiricnts.

{2) Analog Simulations

The analog computer is used to study inlet/engire compatibility and
dynamic response when simple simulations can be used (cruise mode of
operation is an e¢xzample). The inherent desirable characteristic of an
anaiog compuier is that It simulates the primary system in 2 continiucus
manuer ar opposes o the discrete time interval simulation of a digital
computer. This provides excellent response characteristics. As an
example, cocsider Lhe first order lag described abave for programming
on a digital computer. The analoy computer gives the exact solution as
shown in flgure 7.

Simple eugine/centrol simulations have been generated and have been
seat to i aivframe manufacturers for thei: engine/iniet cowpatibility
studles. Figure 15 1llustrates a simple engire/control simulation
suitable for powsy lever transients from maximum rated duct heater not
11t to maximum thrust duct heater lit at all inlet started flight
vonditiouns. Figure 16 illustrates a similav dyvemic simulation for part
power engine/inle: compatibility srudiss at ths gupersonic cruilse flight
condition. Figure 17 1s a schematic of a simple enyire/inlet sysrem used
fov snalog studies. These simulations permit rapid acuessment aof current
and proposed engine/iniest operation.
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Figure 15. Engine/Control Simulation for Power FD 15581
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Figure 17. Engine/lnlet System for Analog FD 16703
Studies DII

3. Avalytical Studiles
a. Response and Stability

The excellent engine control frequency response characteristics and
scheduling tolerances that exist over the entire JTF1? operation envelope
further improve engine/inlet compatibility. Using the extemnsive experience
gained by the J58 and other supersonic engine countrol programs, the JTF17
control, Report B~ITI, provides excellent scheduling tolerances and
stability margine with clesed loop vernier control. High frequency
response characteristics are provided with open loop basic control,

This combination of basic control and vernier control, used by
earlier supersonic engine controls and now further improved by the
JTF17 control, decreases the level of engine induced disturbances upon
the 1inlet.

Figure 18 illustrates the JIFl7 control concept used to combine the
advantzges of both basic control and vernier control. JTF17 turbine
temperature control is similar to the J58 control. The best features of
the J58 and other supersonic engine control systems are incorporated in
the JTF17 control. Figure 19 is a simple analytical model of the JTF17
control concept. A relatively slow highly accurate closed loop vernier
control 1s used to adiust a2 high regponse rellable open loop basic control.
Exceptional control accuracy, response, and reliehility are the result.

Engine response and stability is further improved by JTF17 control
gain schedules that are similar to J58 gain schedules. These schedules
provide overall gain compensation. Gain cempensation maintains the
same overall duct aiea control sensitivity. JTFl7 control galn schedules
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achieve this objective by varying control gain inversely with duct heater
gain. Gain compensation improves ergine/inlet compatibility by maintaining
JTF17 response and stability without Jeviatjon from nominal design levels.

G tai

—o— 47 e ——-»——u--]
LLC 2 oul "‘j.{“‘j.L
s I =
JTPI? and JoB Turbine Tem- cralure Conn 4 JTFI? Corrsaiad Alifbw Conteol

e

Figure 18. JTFl17 Control Concept FD 16704
DII
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Figure 19. JTF17 Control Concept Analytical FD 16705
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b. ilownstream Translent Feedback Eifects

Studies have been made to minimize downstream transicnt effects on
the fan aurge margin and inlet shock position. Proteccion is provided
against adverse engine/inlet ioteraction due to duct heater light or
rapld power lever movement.

One method of minimizing these effects {8 to minimize the fuel/air §
ratio required for ignition of the duct heater. During Phase II-C the )
minimum duct heater fuel/air ratio has been reduced from 0.008 to 0.002,
This reduction came about when the duct heater configuration was chauged
from an aerodynamic flame holder type to a ram induction type. The ram
induction configuration 1s characterized by very soft, smooth ignition
at fuel/air ratfos of 0.002 o. less. Figures 2C and 21 are traces of
data taken from oscillograph records of Zome T ignition at a 0.002 fuel/air
ratio setting in the full-scale annular duct heater rig at conditions
of pressure, femperatuce, and airflow corresponding o sea level static
end cruise respectively. The pressure plp for the cruise light was
3.6% of the absolute pressure level and for the gsea level light was 37
of the absolute level. These pressure increases werz measured at the
duct heater siation. These pressure pulses will attenuate before reaching
the fan discharge station. (See Engine Performance, Duct Heater, Sec-
tions II1-A, X1I-B, IXII-C, and 1II-D for a complete description of the
duct heater development.) Figures 22 and 23 show calculations from the
digital simulation for duct heater light at sea level static and cruise
with light-off fuel/air ratio of 0.002. Figures 24 and Z5 are simulation
traces of a 0.008 fuel/air ratio light-off witl a ram induction duct
heater at sea level static and at cruise., As shown by the traces, a
reduction of light~off fuel/air ratio reduces tne effect on surge margin
and the airflow error signal. This lcw ignition fuel/air ratio also :
significantly reduces the thrust discontinuity at light-off. g :
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Figure 25. JTF17 Cruise Phase II-B Mi: imum Duct Fn 16715
Heater Lightoff (F/A = 0.008) DIL

Another method of minimizing the pressure ratio and airflow variation
13 to warrelate duct nozzle area and fuel flow. 1ldeally, or with perfect
correlation, there would be no effect on fan pre. sure ratin or airflow due
to power changes in the duct heating siwde. Figure 26 illustrates two
correlation schemes, the TF30 and the JTF17. 1In the Tr30 scheme, conly
one zone of the five separate burning zones 1is shown. Power lever angle
schedules gross duct nozzle area which then schedules duct fuel flow with
the correlation cam. A proportional plus integral controller makes
vernier adjustments to the system. The correlation cam scheme for the
JIF17 is an improvement over these earlier confligurations. The nozzle
avea feedback scheduling of fuel has been eliminated. Duct nozzle area
and fuel flow are scheduled directly with power lever angle and nozzle
area i1s adjusted by a proportional plus Integral centroller to eliminate
any airflow errors, Since perfect correlation is nct possible wilith any
real system, furrhevr steps are necessary to insure protection.

The JTF17 control definition provides nonlinear control characteriztics
that maintain inlet margin and fan sBurge margin equal to or greater than
steady state margins. Figure 77 illustrates typlical nonlinear gain and
response clrcults, Scheduling increased inlet bypass door area and
incressed duzt nozzle area Increases inlet ungtart margin and fan surge
margin., Figures 28 and 29 ghow the desired inlet and engine control
action during transients, I{ a limit cycle of edither duct fuel or area
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occurs, the fan surge margin is Increased due to nonlinear duct hearer

gain and response characteristics. A nonlinear wain is used with the duct
corrected aivflow error siynal such that increases In duct airflow occur
rapidly and decreases In duct airflow occur slowly, A similar nonlinear
gain 1s used with the duct area slide valve. A nonlinear response s u<ed
with the duct heatrer fuel clveult such that increases in duct fuel cccur
slowly and decreases in duct fuel occur rapidly. The control further
imrreoves engine and inlet transient margins by resetting duct corrvected
alrflow upon iritiation of duct heating. Figure 30 illustrates ihe desired
effect of ducc nozele area reset during power lever augle modulation iIn

the duct heating mode. TransienlL surge margins are maintained greater

than steady state surge margins. Figure-31 is a digital simulation trace
of a power lever angle transient from maximum nonaugmented to maximum duct
heat at cruise with neither inlet nor duct area reset. Figure 32 shows rae
same transient with duct area reset. Inlet unstart margin and fan surge
margin are maintained at safe margins during the trausient.

JTF17 Scheme

TF30 Scheme

Peopeitizal Clmty
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Figure 26. Duct Heater Control FD 16628
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LTI

C )ndm VK ,,!.___,_,__
1. I =HH°F Ptl 14.7 psi
2. N n A _.,J‘--, ;

3. Max Rnled = PlLAZ
| __Max Duct Heater |

|

No Reset
- - - N -

— - 1 - " ” L RO EE— o
Wl!h and Witho

/ Nonlmear Res;( J
F—— ———1 - — R

Z" Fateg | - Max Hated

wigx
I [
Figure 30. Analog Simulation Trace FD 16740
DII
DII-30

CONFIDENTIAL

ol
pwiove

Wy

LR




Pratt 8 Whitney Rircraft

CONFIDENTIAL

FP 66-100
Volume III

PWA

I1a
L1191 a4

pajusulneuoy wnuwixeW [TJLL

uoT3eIulUWINY WnwixeW O3

*z¢ s1n81g

1353 14 d ¥ HlIw 3363y 21Ul ON
3 GNIL

Wi 0y pd ob

vt 97 il ¢

)

o ———————. .

Bty

-— \)'J‘\/‘L

viva
FALLUIINDD WBIHARO0T

» ” ey iy

~

;
]
]

0L
06
ol
[
| 08
00l
0Tt

00t
0el
002
(G4
00¢
oee

- 00¥

86

T as \’ J

|
o Y

. "
Tatmtpmr

dap - q[ONY
HAAAT
JAMOd LAVHOHUIV

3p - FTONV
YAART
YIMO0d TOHLNOD

- LSNEHL

Pla gy
MOTIEIVY
INIONA TY.LGL
331034400

- NIDYVIN
FOUNS NYd

3 - NOLLISOd
HOOHS LA'INI

| \ .
LELA tromee e

114
91491 44

%a% - JNTL
e

o0, 09 0% 0F

uoIjeIUWINY WNRWIXEN

03 pajuswidnenoy] wnwixeW JI4LC

1

1say ¥, dv 40 W] oN

v =W
o1 ® 00089 = 11V
vl

% 5. - 310NV HSATT
01 ¥EMOd LiVYOUIV

S0e1

08
\\I.I\. 001 39 - TONY WEATT
- HEMOd TOHINOD

(‘l\;—l‘\h os
[ = Py
allllllll!lll\\\ll\\\(lll¢2
,_ Tt
I\ll{‘} ¥e
viva 9e

JAUUIWOD TIFNIDN

10<1
1 001
q0¢1

3 - LSNHHL

- NIDHYIW
HOHAS NV

486 = e/

4201 TYL0L Q3LIFEHCO

¥ - NOLL)SOd
MOOHS LATINI

. i v
.y L ]

1€ 28,3

CONFIDENTIAL




Pratt & Whitney Rircraft BBNHEN“M.

PWA FP 66-100
Volume III

Studies by the Lockiheed and Boeing Companies show that inlet reset
is not necessary and acne 1s provided. A disadvantage inherent with
inlet reset is the increase in distorrien that accompanies supercritical
inlet operation. If the inlet can be designed to operate safely without
reset, this would, of course, eliminate the transient increase in dis-
tortion due to reset.

Figure 33 1s a trace obialned from an early lockheed inlet simulation
with a severe ramp in engine alrflow demand. The inlet simulation did
not disgorge the shock and handled the air{low transient very well,
Figure 34 is a simulation trace of a power lever transient from maximum
rated to idle at cruise. Safe inlet unstart margins are maintained for
this large transient in airflow.
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Figure 33. 1Inlet Response to Change in Corrected Fi) 16745
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Figure 34. JTF17 Cruise Maximum Nonaugmented FD 16718
ta Idle DII

By means of duct fuel-area correlation and nonlinear response and vain,
the JTF17 control achieves rolerance to scheduling and dvnamic mismatch.

Further tolerance is achieved by controlling the slew
power lever angle input servo for the duct heatin
overali effecr or slowing down all power lever transients above maximum
rated. The effect can be seen by comparing power lever angle, PLA, to
control servo position power lever angle, PLAC. The slew rate limit in
the control tolerates a larve amount cof mismatch in the correlation cam
and clrcuit dynamics. Figure 35 illustrates this tolerance on a maximum
rated-maximum duct heat-maximum rated transient. Three analog compuicr
simulation traces arc shown: a base case, a +10% duct fuel flow error
case, and a case with duct nozzle area rate decreased to a fourth of

velocity of the

“w .
o mode. This has an

the base casc value. The system tolerated both cases of large mismatch

and maintained safe margins.

c. Pressure, Temperature, Airtlow Transient Effects ‘
The engine/inlet system is relatively insensitive to large airflow

disturbances. TFigure 34 shows data, calculated with the digital simulation

of a power lever angle transient from maximum rated to idle at cruise.

This is a normal transient, that is, one that should occur at least c¢nce
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on every flight. The system compensated for the large decrease in eny...
airflow without disgorging the shock from the inlet. Figure 36 shows the
tolerance of the system to another abnormal airflow transient, in-flight
shutdown at cruise. The engine/inlet system retained the shock for thi«
severe airflow transient.

T e e
Anglt ded g
[ hase
N
breo s -
&
by o
Figure 35. Control! Dvnamic Mismatch Eifects FD 16746
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Figure 36. JTF17 Cruisc Maximum Nonauvgmented FD 16719
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The most severe pressure transient the engine will feel occurs if the
inlet shock disgorges. The dynamics of the unstarted inlet are not avail-
able but an estimate of the total pressure variation of the engine face
during unstart and restart has been made. Figure 37 shows the effects of
this pressure perturbation cn the engine. The sequence of events is as
follows: (1) the inlet total pressure is ramped down and decreases the
corrected airflow, (2) the duct nozzle area opens to correct the negative
airflow error, (3) duct nozzle area modulates to correct the airflew error.
At the beginning of this transient the engine feels a momentary high over-
temperature and decrease of surge margin on the fan aad high compressor.
This is a normal occurrence on a high Mach number engine during an inlet
unstarct. Past experlence on the J58 enyine has shown that this momentary
transient has no adverse effect on the integrity of che engine. The
transieunt occurs too quickly for the hardware to feel significant over-
temperature; see plot of the turbine leading edge temperature, figure 37.

A possible source eof trouble is the minimum fuel flow limit. 1If this limit
is set toc high, serious engine over-temperature might occur with the low
unstarted recovery. The JTFl7 fuel flow limit offers safe operation with
an unstarted inlet at cruise altitudes at Mach 2.7.
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Figure 37. JIFl/ Cruise Inlct Unstart and FD 16729
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4. Phase 111 - Analytical Simulatinn Test Plan

A closely coordinated effort will be maintained with the alrframe
manufacrurer to make maximum use of all available data affecting the
compatibility of the engine and inlet with respect to both steady state
and transient operation. Analog and digital simulations of both inlet
and engine systems will be employed. Revised inlet steady state and
dynamic characteristics as obtained from the airframe manufacturer will
be ircluded in the computer program as provided.

The analog and digital simulations will be updated a. additional
performance characteristics become available, Modifications to these
sinulations will be made to effect satisfactcory solutions. Off design
variations studies will be conducted to further refine engine/inlet
compatibility estimates. These revised and updated simulations will
provide the necesaury information for the more specific and detalled
studies requir«d by the development program.

Transient euq¢inef/inlet operation studies will continue with increased
emphasis toward physlical control hardware. Engine and rig test data will
be nsed to insure the validity of the simulations. This will be a closely
coordinated effort by both the engire and the alyframe manufacturers.

As new inlet model test data is obtained, the inlet slmulation will be
revised to includz significant changes in dynamics or concept. Engine
test program data will be nged tao check the validity of the engine
gsimulation gains and time constants. See Report E-T and 11 for a complete
discussion of the engine test plans. The engine control test plan,

(see Peport B-I11-C), will provide data to check the control simulation.
Refer to table 1 for proposed milestone time chart of inlet/engine
compatibility testing. The computer simulation can then be used concurrently
during the test programs to ensure that desired stability and performance
requirements are met. This will begin a coontinuing cycle of test,
refincment of simulation, analytical studles and further testg until a
configuration suitable for the AEDC compatibiliry teat ic cvolved. The
grogram will evaiuate phencmena such as the etfect of variable gains,
deadband, random noise, Iinteraction between coutrol components for the
effects on the overall system,

The dynamic simulation 1s being enlarged to include inlet flow distortion
ef fects and certain fallure mode ef{fects on the gystem. An Jmposed inlet
flow distortion will always tend to degrade the flow stability and performance
charactarijitics of fans and multi-stage axial flow compressors. Methods
for exact analytical solutlons for the processes by which a distorted flow
affects the stabf{lity and performance characteristics are being studied.
Un.11 these methods are perfected, the effects of flow distortion determined

from rig test results will be programmed into a simulation. This simulation

can be used to determine safe system operating limits, performance trade

factors, and general toulerance to dlstortion over a broad range of system

A o~
o conditicns.,

operatin
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E. DISTORTION PREDIC1ION DFEVELOPMENT
1. Empirical Distortion Factors

Empirical distortion correlation factors have been previcusly used
to predict inlet distortion tolerance. Their popularity s due to their
relative simplicity rather than to their complete vffectiveness. Since
they are founded upon test data they have the inherent capability of
producing reasonable predictions of distortion tolerance for ccnditions
that are close to the correlated data. Hewever, when differences in the
distortion pattern occur or changes in the compressor (sometimcs quite
small) are made, these correlations are usually inadequate, As an example,
a partial listing of the effectiveness of one typical distortion factor
Is shown in table 3. Figure 39 presents a number of presently used siml-
lar statistical distortion factors. As an example of the unreliability
of presently used statistical correlation methods to predict distortion
effects, figure 38 presents the application of these distortion factors
to the data shown on the performance maps of two very similar COmMpressors
with both undistorted and distorted inlets.

¥ Compressor A UNDISTORTED
o 1o h i' 1. Kd = 0.0
— 2. Kd = 0.0
£ 100 { 3. Kd = 0.0
o 7 4. KJ =00
@ Y i 5 Ki=0.0
& i 6. Kd =00
% a0 - DISTORTED
n i 1. Kd = 0.02
o . 2. Kd = 1360

70 ;
o : 3. Kd = 143.0
Z 4. Kd = 0.03

A Te i B .
o 60 [ 5. Kd = 0.064
4] 97, 6. Kd =226
o 80 an 100

COR LW - &
W |
! Compresscr B .
© 100 - ~~——— UNDISTORTED
& ", 1. Kd = 00
« ! ___.{ 2. Kd =00
z { 3. Kd = (.0
i 4. Kd =0.0
5 N H— 5. DF = 9.0
7 I 6. Kd = 0.0
% i . DISTORTED
ot K 1. Kd = .02
B 7% - 2. Kd = 136.0
% 9% 3. Kd = 1565.0
S 4. Kd = 0.03
w 90 00 b Kd = 0.068
& CORRECTED AIRFLOW - % 6. Kd = 147
Pigure 38. Eifect oi a Specific Distortion FD 16682
On Two Compressora DIT

Although the difference between these two multistage compressors was
only an alteration of the inlet gulde vane camber, a sabatantial {ncrease
in the surge line deterforation due to distortion 1s evident for the "A"
conflguration. Other changes within the compressor or to the flow path,
adding stagees to the front of the cowpressor, changing hub-tip ratio, etc.,
would similarly negate the confidence in a completely empirically derived
distortion factor.
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Table 3. Pratt & Whitney Aircraft Experience with Ky
Engine Type Adrcraft Experience
J57 Jat F4D K4 correlated well
J37 Jet F101 K4 correlated well
J57 Jet F100 Kg correlated well
J57 Jet F102 K4 correlated well
J75 Jet F105 K4 correlated well
J6o Jet Jet Star K4 not able to handle the
vorticity encountered
TF32 Fan-,et B52-11 K4 did not correlate well.
Correlation was improved by
welghting the fan portion of
the flow less heavily.
JT8D Fan-Jet 727 Kg did not correlate well
TF30 Fan-Jet F111 K4 did not correlate well
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Figure 39. Statistical Distcrtion Factors UGS 15028
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2, Considerations for Analysis of Distorted Flow

Two factors make synthesis of an analytical prediction system dif-
ficulic. Most otvious is thar axial symmetry can no longer be assumed.
This requires that the conservatiorn and momentum equations be satisfied
with an additional degree of f{reedom and recognizes that cirzumferential
as well as radial gradients will exist in all vaviables, such as flow
rate, pressure, etc. Less obvious is the fact that the rotor flow cannot
be made steady by selection of a frame of reference rotating with the
rotor. This is apparent when one considers the changing angle of attack,
Mach number, etc. as ''seen" by a rotor as it passes through the regions
of differing inlet distortion. These two considerations; the (a) ton-
axisymmetric and (b) non-steady, nature of the flow within the compressor
undergoing inlet distorticn, are the reasons which have prevented the
relatively rigorous analysis used for non-distorted flow from being
extended to include distortion. Lack of such a model has consequently
forced rellance upon the frequently inadequate techniques of empirical
correlation. Several ways of improving these analytical tools are being
investigated at P&WA. The most promising of these methods will be
described in the paragraph 6, "Analytical Prediction of Distorted Com-
pressor Performance.

3. Undistorted Inlet Compressor Information

One very uscful tool in the analysis and prediction of distorted
compressor performance Is a library of undistorted compressor performance
data, ccllated for efficlent access. In this area, P&WA has conducted
over 100,000 compressor cascade tests, the pertinent data for which are
contained in digital computer 'memory'" for avtomatic inclusion in digital
computations of the flow through a multistage axial flow compressor.
Similar information from both P&WA single stage and multistage compressors
15 available [or compavrative purposes.

4. Analytical Predicticn of Distorted Compressor Performance

Since the existing analytical compressur design calculations are valla
for axisymmetric flows they are completely capable of accounting for the
effects of the radial component of the distortion. By then approximating
the combined circumferential and radial distortions generally encountered
with a number of sectors, within which ounly radial distortion is present
(f{gure 40) the present methods may be readily extended. The number of
sectors used in this approximation 1is dependent upon the severity of the
circumferential distortion and the accuracy desired. Inherent in this
portion of the procedure is the assumption that the blading, in passing
from sector~to-sector, can instantaneously adapt to the new envircnment.
Within these assumptions, a complete definition of the iInternal, non-
axisymmetric, flow field is made to satisfy a given set of boundary con-
ditfons. From the results of these computations the 1lift that any blade
element will be required to genarate in order to remain in equilibrium
with the flow field is given (fiaure 41). Since the circulation (1ift)
about the blade cannot instantaneously be altered to maintain this equi-
librium to the non-steady conditions, it becomes necessary to determine
the extent of the departure from apparent equilibrium that is actually
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experlenced. To accomplish this, the cyclic lift distribution 1s approxi-
mated with discrete increments. At the occurrence of each of these incre-

w g ments a vortex is shed by the lifting surface and "washed" downstream with
the flew as depicted in figure 42. At any instant in time the 11ft on the
blade ela2ment is determined through integration of the effect of all of
thase vortexes on the circulation about the 1ifting line (or blade). In
this fashion, the transient response (figure 43) of the various blade
elements 18 calculated and then included to satisfy the required boundary
conditjong as an 1tevative procedure, with the stage matching considera-=
tions already mentioned.

Stator High Compreasor Inlet Guide
v Vane

FD 16683

( DIX
\*Cons:ant Diameter
'y 1 - [
lc L 1 4
0 180° 3600
CIRCUMFERENTIAL LOCATION
Figure 41. Equilibrium Circumferential Loading FI 16684
of Rotor Blades DII
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Flow
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Figure #2. Transient Response Prediction FD 16685
Method NII
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Figure 43. Predicted Rotor Blade Respoise FD 16686
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It may be noted in figure 43 that the responsc will be out of phase
with the equilibrium loading and that the response to a severe but local
region of distortlon, seen aes AB, may be less than that to a relatively
less severe but more cxtensive region, such as AA. This effect together
with those atrributed to rotor speed and flow velocity are automatically
included since they determine the position of the discrete shed vortexes
relative to the blade. Their importance is evidenced by the fact rhat
many empirical prediction methods utilize welgating factors which are func-
tions of the circumferential extent of the low pressure region, the rotor
speed and flow rate.

Having completed the iteration, a complete description of the couadi-
tions occurring instantaneously throughout the compressor is available.
It is now possible to evaluate these quasi-steady conditions using the
extensive criterla already mentioned for evaluation of a non-distorted
flow since the non-axisymmetric non-steady aspects of the flow are accounted
for.

It is recognlzed that successfui completion of such an ambitious under-
taking is largely dependent upon a firm understanding of the effect of the
disteortion on the internal aerodynamics. 7The interstage data referred to
previously will provide this necessary input as will similar data now being
obtained on current P&WA engine compressors, both of the "fan" and jet types,
The superiority of this "Blade Element Response' method is illustrated
(figure 44) by comparing its comprehensiveness with that of six empirical
correlsations which have found widespread use. "Types cf Distortion Factors"
identified by numbers one through six on figure 44 correspond to similarly
numbered Kp factors shown on figure 38.

, BLADF
TYPE OF DISTORTION FACTORS [HESPONSE

EFFECT .2 3 4 b 6 ANALYSIS
-DISTORTION AMPLITUDE: P 14
ety 2 g @ @ @ & @ &
CIRU.HYERENTIAL EXTENT: (#.), (7+) L_...-' ’ ‘ ® . .
RADIAL DISTURTION: Dlstortion ie weighed
according to spanwise ch::(::. * velshe u-—..__..——_..._._..._.._...-‘ .
DISTORTION TOPOLOGY: Acctounts for wlee,
locarion arnd telative level of engine tace
distorcion au expressed fn cerms of Py, —“-'—-——"""‘"—'. ’

velocity, incidence angle, otc.

$TAGR REMATCHING: Operating poiuc/oper-
sting !ire changes to &ccomodate dlatorcion
DISTORTION ATTRENUATION: Degree of
reduction in distortion level chayacteris- }_

tic of rotor blada(s). A apanwise funcifopf = TS o T mSmmE S s T ®
FLADE LOADING: Determinstion of blade
pressurs tise rolative (0 maximum piessure
riss poasitle.

APPLICATION TO NEW DESICN: Prediction
system vilows precest otags matching to ot e e s e Y e e e e am [ mm .
accomnodate distort lon.

COMPRESSOR - LNLET INTIIACTIUN: Internal/
external perturbation #ffecte of disiortion
on sagemblad componencs that compriss (ntes
gratsd propuleion system,

R O U Y SR, e

oo @

r—-—————u--.---——-—.-,-——u——--.

Figure 44. Aerodynamlc Distortion Considerations FD 16637
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5. Distortion Limits Based on Rlade Element Characteristics

As discussed In the preceding paragraphs, the techniques used in the
prediction of blade slement response to distortion were used as a guide
to establish criteria tc define distortion limits for inlet-engine compati-
bility. Use of this general approach will be cooidinated with the air-
frame nmanufacturers and would take the place of the presently used method
which treats inlet-engine distortion compatibility on the basis of corre-
lation of (Pyy Max - P9 Min)(Ptz Avg)_1 data. Although the method pre-
sented herein is an initial step toward a more sophisticated technique,
it does have immediate merit {in that it is based on more fundamental fac-
tors than is the above referenced method of defining a distortion limit.
The advantage of referencing the distortion limits to blade 2lement per-
formance is that a more realistic distortion limit, dependent upon the
distribution and extent of the distortion is attained. It is recognized
that. absolute levels of Loth performance limits and surge limits will be
set as a result of Phase 1II testing and analysis.

The blade element performance shown in figure 45 represents that of
a typical first stage blade. This blade characreristic is independent
of engine configuration and is equally representative of turbojet first
gtage blades as of turbo-fan blades. It can be seen that the rotor blade
root by virtue of its lower pressure iise reserve, would be less tolerant
of low pressure regions of distortion than are the mid-span and tip. Con-
versely, high pressure distortion regions a¢ the root, leading to higher
than average flow, a characteristic of some early SST inlet distortion
data, are favorably handled with relatively small pressure ratio 1nases.
A distortion limit based on blade element porformance would accoun: for
this. Response of a fixed point on the blading as it passes through the
distortion also needs to be considered, the response increasing as a
function of dwell time In 2 given low or high pressure zoune. The cir-
cumferential extent of pressure zones characterized as low or high with
respect tc an annular average, as well as the variations in total pressure
within the particular zone nnder rcongideraticn, will determifae e degree
of rotor blade response to the inlet velocity of that zone. Rotor speed
effects must also be considered, as the performance of the tlade elements
varies significantly with both angular velocity and inlet mass flow.

6. Blade Element Distortion Limit Analysis Proceaure

Alrframe inlet distortion is of an unsteady nature, in many instances
varying in ¢ time period during which the rotor makes considerably less
than one revolution. However, 1in many cases the response of the rotating
blades is sufficient to almost fully react to a time variant inlet dis-
tortion as if it were a steady process.

Therefore, in order to provide adequate definition of the airframe
inlet distortion, total pressure pickups should be located at the Inlet-
engine interface on 10 te 12 circumferentially equa-distant rskes, each
rake containing 5 to 6 pickups which are placed at centers of equal annu-
lar areas. The time required for a given blade to pass from one of
these rake stations to another is approximately one millisecond, so that
the total pressure ingtrumentation should have a response time on the
order of 1/590 to 1/1000 sec. 'The total of these equal annular areas
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comprises the inlet anuulus. 1t should be recopnlzed that complete
definition of the inlet flow fleld exceecs practical limitations. However,
instrumentation possessing the characteristics noted above serves reason-
ably well, dividing the engine-inlet interface Into 5 or & annulil of

equal areas, the circumferential pressure distribution of each annulus
being provided every 30° or 369, dependent upon the number of rakes that .
are utilized. Specific requirements for the instrumentation used to :
define distortiou must be =stablished mutually by the engline and air- -
frame manufacfurers. Should instrumentation having a sleower response be
used [or the purpose of defining engine face distortion, then compatible
distortion limits will be negotiated 1n an effort to compensate for the
inaccuraciles introduced by poorer response pickups.
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The terms used in the "Blade Element'" distortion limits methed are

listed below:

Pe2 avg
Pt2 max

Pe2 min
Pe2 rad
Ny

Er2
C

62

3

84

Figure 46, Constant Radjus Circumferential FD 17803

Average area weighted engine inlet total pressure
Maximum engine inlet total pressure measured using
recommended instrumnentation.

Minimum engine inlet total! pressure measurcd by
recuimiended instrumentation, .

Average area weighted inlet total pressure for given
annulus

Angular velocity of fan rotor, rpm

. S N

Tg2 avg R/518.7

Circumferential distortion factor that accounts for
zones of distortion in which blade response is complete.
This factor may be considered to be representative of
a square wave distortion pattern of long period.

That angle, at a constant radius, subtending the zone
in which the total pressure deviation from average
reaches a limiting value; a maximum in the case of
high pressure, or a minimum for the case of low pres-
sure (see figure 46) deg.

That angle, at a constant radius, subtended by the
beginning of a low or high pressure zone and the
pressure level that is 907% of the difference between
max or min Pyy and Py .4 occurring at 0y, deg. (See
figure 40)

That angle, at a constant radius, subtended by the
terminus of 681 and the intercept of the response pres-
sure level Pt2 rad - Z (P2 rad - Pt2 min 9T P2 max)
with the pressure zone boundarv following 6j, deg.
(See figure 46)

The angle, at a constant radius, between the occurrence
of the minimum (or maximum) pressure and a value of 907%
of the difference between Pty pad and that pressure,
leaving a low or high pressure zone. (See figure 46)

e 7 Prneg

/'t.' rad AP rad ’PEZ min’

Py rad- "0 rad - Po min!

H Pt min

Inlet Distorziou DI1I
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These angles are used to define the significant circumfereutial extent
of a distortion pattern and to indicate its wave form as illustrated below.
It may be noted by referring to figure 46 that when -y = €. = ( and
6, = 03 the distortion pattern in question has a square wave form. Con-
versely, when 6] = 02#0 and 64 is very small, the circumferential pattern
under investigation is sharnly cusped.

pA = That factor which depicts the degree to which a blade
elements respond to the pressure perturbation (P¢2 pad -
Pt2 @in of Pt2 max) as it rotates through the arc #j.

An inlet distortion pattern, representing the total pressure field at
an instant of time as measured with the previously described instrumenta-
tion, is analyzed in two parts to determine its effect on the engine:

1) Radial and, 2) circumferential.

The radial component of the distortion is examined by determining the
area average total pressure for each concentric annulus (P2 y¢4q4) and com-
paring the resultant radial distribution {(normalized by Pt2 avg) with the
limits specified in figure 47 and figure 48. Operation with radial distorti
within the band bounded by tie curves of figure 47 will produce a negligible
effect un engine performance. Operacion within the band bounded bv the curv
of figure 48 will not so adversely affect engine operation as to preclpitate
engine stall or flameout.

A radfal total pressure gradient or distortion is che normal inlet
condition anticipated for all fan/compressor stages. This occurs because
each stage provides the succeeding stage with a non-uniform profile.

Since this condition is usual and anticipated, it is included in the de-
sign procedures. The first stage design must include the radial distor~-
tion provided by the inlet and differs from the design of succeeding
ctages only in that the iniet distortion is usually poorly defined during
the early phases of engine development. As compatibility testing of the
inlet provides a better definition of the expected radial distortion it
may become necessary to modify the design of the fan stages to be toler-
ant to a different radial pattern than wac griginally plammea for. This
flexibility is & part ot the anticipated development program during which
compatibility is achieved by early modification of both inlet and engine.
For this reason the curves depicted in figure 47 and fi ;ure 48 must be con
sidered as schematics, representative of trends and concepts but subject t
significant alteration during compatibility development,

The circumferential component of the distortion requires more complex
limitations because it 1s necessary to account for not only the radial
differences in blade attenuation but also the transient response of a
blade element as it rotates through the non-uniform flow field. The
limiting levels of circumferential distortion for each annulus are expres:
by the ratio of the maximum and the minimum total pressure within the
annulus to the mean annulus total pressure. These limiting values are
expressed in the following equations:
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Equations Defining Allowable Circumferential Distortion

Pt2 max = 1 + CxRxMxY
Pt2 rad <

Pt2 min = 1 - CxRxMxY

Pt2 rad >

The quantities C, R, M, and Y are factors relating to the circumfer-
ential '"shape" of the pressure prefile and the transient response of the
blading and will have values defined by thecretical studies and compati-
bility testing during Phase III., These tests will also provide the
boundary conditicn data needed for the previously described 'Blade
Element Response' method ni analytically predicting distortion effects.
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The maximum circumferential distortion allowable when the complete
response 1s att. lned by the blading 1s accounted for by the quantity C
(figure 49 and tigure 50) dependent upon the rotor corrected speed and the
spanwigse locatfon of the annulus under consideration. Since complete response
is not the general case, the modifiers R, M, and Y are provided to account
for lesa than complete respunse due to the clrcumferential distortion
gracient and the dwell or residence time of the blade elementa within
the high or low pressure zones. These modiflers are set equal to unity
for the case of complete response and increase accordingly with de.reasing
levels of resaponse.

s Pum

The responze to the pressure deviation (min or max pressure) from
the average (Py) ,,4) 18 estimared by the factor 2 of figure 5la a func-
tlon of the angle 6 between Pyy .4 and the minimum (or maximum) pres-
sure and the angle, 6,5, required to attain 90% of the difference hetween
Pr2 min ©F Pe2 pax and Py rad- Because of its bivariate dependence, the
quantity Z accounts for the element response to the minimum {or maximum)
pressure based on the rapidity (67) with which it 1a reached and the

v B o B
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“shape" o: the leading pressure gradient (9, and 9;). The respcase, 7,
15 used to defire the portion of the low (or high) pressure region of
primary interest thvough the angle, 6,3, terminating (figure 46) when the

- {D -
pressure returns to P, rad 2\:t2 rad Peo or P

nin t? max)'

The response, R, (figure 51b) is then determined by the total angular
dispiacement (8; + 04) of the glgnificant portion of the low (or high)
pressure zone. The modifier, M, given in figure 5lc, is a function of 2
and 84. This factor accounts for both the initial response (2) and the
dwell; or residecce time, of the blade within the significant portion
of the low (or high) pressure zone. The dwell time (f4) becomes less
significant as the response to the leading portion of the zone (Z)
approaches 1.0 denoting complete response.

Finally, the factor Y, figure 51d, is determined trom the ratio ot
6, to B3. This factor appruximately accounts for proiile shape within
the dwell region,

The maximum and minimum pressures allowable in each annulus are cal-
culated through substitution of the above determined factors in the
"Equatlons Defining 4llowable Circumferential Distortion."” Operacion with-
in these limits when the value of C is determined by the curve of figure 49
will not effcct engine performance. 1If the curve of figure 50 is used Lo
define the quantity C, the resultant allowable circumferential distortion
will not cause surge or flameout, A linear ianterpolatiou shall be used to
determine the value of the quantity C between the ID and 0D,

Separation of the distortion into radial and clircumferential compon-
ents provide a logical distinction because of their steady and non-steady
character, respectively. However, thelr combined effect on the fan/com-
pressor aerodynamics 18, in the fin.l analysis, the significant aspect,
For this reason, the foregolng discussion Is of a general nature and
trade-offs may be mude between radial and circumferential allowances to
provide adaptation to the distortion pattern produred by o specific
inlet. As in the casce of tlie radial distortion allowance, the clrcum-
ferential limita may be changed by modiffcation of the fan/compressor
i1f this measure Is Indicated during compatibility testing. Since modi-
fications to lncrease the engine distortion tolerance gometimes lead to
a performance decrement, cezrefully coordlnated analysia between airframe
and ergine manufacturer is mandatory.

While the above improved method of defining distortion llmits includes
factors which are conglderably more pertinent than does the former
(PL max — Pt min) definition 1t must be recognized that no simple method,

pt avg
such as described, can previde a universully applicable system. Conse-
quently, specilal cases invulving unusual distortion patterna may be
conaidered {ndividually by more rigorous and detailed analysis by coor-
dination with the airframe manufacturer.
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SECTION 111
EXHAUST SYSTEM COMPATIBILITY

R T

A. INTRODUCTICN

The deslgn of the engine exhaust system and its installation in the
airframe must be analyzed and tested to optimize the performance and in-
sute the compatibility of the airframe/engine combination. The inlet and
exhaust system compatibility are both important to the performance of a
supersonic transport. Pratt & Whitney Aircraft and the airframe manufac-
turer will execute a coordinated program of analytical studies, design
and testing to develop a compatible, high-performance exhaust system. Al-

ready in Phase 1I, extensive work has been done toward this objective.

The results of this work, which have been fully coordinated with the air- :
frame contractors, are discussed in the following paragraphs. A more ;
complete explanation, including such interactions as the routing of sec-

ondary air and the effect of tertiary alr doors-open operation, is given
in Volume III, Report A, Section III E.

B,

INSTALLATION XFFECTS

The selection of the exhaust nozzle configuration for the JTF1l7 en-
gine was based upon trade~off studles involving three different nozzle
configurations. Although not the only criterion, the sensitivity of the
nozzle to installation eflfects was an overriding factor in the evaluation
of candidate rozzles. Such trade-off studies rely heavily on experience
of service aircraft for evaluation criteria, and the initial evaluation
was made utilizing the excellent service experience of the blow-in-door
ejector in the YF12 aircraft. When data hecame available from the less

favorable F-111 irstallation, these trade-off studies were repeated to
assure data from the less favorabl. installation received proper consid-
eration.

Three configurations, the plug nozzle. the long variable f

and the blow-iu-door ejetor were included in the study. Detail results
of these studieg can be made available upon request; however, in summary
the plug nozzle was rated very low because of ifts relatively high sensi-

tivity to performance loss from flow field variations, and its unsuit-
ability to incorporation of sound suppressor devices.

Ton oo—-

1
Tiap vaele

The blow-in-door
ejector and long variable flap nozile were rated about equal for perform-
ance loss due to installation effects during the iniiial evaluation and
agaln during the reevaluation,

The final choice of the blow-in-door
ejcctor was then made on the basgis cof its overall performance, as a result

of better sealing, 1cs8s complexlty and weight, and better noise attenuation
characteristics. A complete description of the ejector and its design
features is presented in Volume I1I, Report B Engine Design, Section I1.

To achieve the performance and w~'oht advantages of the blow-in-door
nozzle,

care must be imken in its ineve.'a*l. v to account for variations
of the aircraft local {low field. Moa2. e€rts, summarized in figure 1,

have shown that tertiary door-open unozzi> performance is dependent upon
providing the required quantity of tertiary flow regardless of the amount
of door blockage. Performance is directly related to tertiary flow quan-

tity as indicated in figure 1, and adverse local flow fields are compen-
sated by increasing tertiary door area,

An exhaust system placed rel-

DILI-1

CONFIDENTIAL

{This Pags is Uinclassified)




Pratt & Whitney Rircraft BGNF Iﬂiﬂml

PWA FP 66-100
Volume III

ative to the aircraft such that it operates in a uniform flow field with
minimum deviation from free streewm conditions will exhibit little or no
installation effect. Both airframe manufacturers are aware of this, anéd
have provided wing-mounted installatlons that should produce minimum dev!/ -
ations cf the nozzle local flow fields from free-stream ccnditons,

0.96 B All Tertiary
L Flight Mach Number = 0.9 Doors Open-
no §
C 092 i
o All Tertiary Doors I 2
Oz Half-Closed —] / "
= Certinry
2,,,‘ 88 All Upper Tertiary e ,
MO 0.88k— Doors Clased ==== [ © ol
g L T
< /D{-All Lower Tertiary H
Sm Doors Open L r i
Q 0.84}) = Note: ot { + — !
=0 The total corrected flow ratio is uefined as i
0054 L the product of the ratio of the secondary ;
DUJ E\“ Tertiar and tertiary airflow to engine gas flow and ,
q::)o 80t—— Doors Y1 the square rcot of the compressor inlet A :
o] . oors Closed o ’ S - . N
N% total tempersture divided by the engine i '
total temperature. We + Wy A oo
mE" ‘Tota) Correcte? Flow Ratic = wa +_ L T inlet %
0.76 ) | | 1 engine ' ‘tengine H
0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.22 #

TOTAL CORRECTED FLOW RATIO

Figure 1.

Variation of Exhaust System FD 17124
Performance with Total Corrected DIII
Flow Ratio (M = 0.9)

et

The JTF17 exhaugrt ayctem iz boiug designed to compeussie for vari-
ations in local tlow coaditions when they occur, thereby minimizing in-
stallation effects. The local flow field approaching the exhaust noz-
zle may vary from isolated test conditions due to the effect of the
wing and adjacent bodies, overboard bleed flows upgtream of the nozzle,
and differences in model and full-scale boundary layers. The difference
between free-stream Mach number and the local Mach number around the :
nozzle can affect nozzle performance by changing the tertiary air in- i
let conditions and the external pressure drags. High local Mach num-
berg, and consequently low local statlc pressure flelds, may alsc cause
the pressure-actuated tertiary doors to close prematurely and thereby
product overexpansion losses in the nozzle. The local pressure field
can also affect the pusition of the trailing edge flaps which can pro-

duce overexpanglion losses in the nozzle 1f the flaps float to a larger

exit area., A variation of boundary layer height between the installed

and isolated teat condftions will also effect the tvertiary flow and in- i
ternal performance. The isolated transonic wind tunnel investigations ¥
of the JIF17 exhausat system are conducted in a free stream flow field

with 4-inc¢h diameter models. The models are mounted on a shaft ap- !]
proximately 6 feet long that protrudes from a streamlined strut located

Just ahead of the test section. Calculations indicate that the relatlive

boundary layer heights between the isolated scale model tests and the

actual alrcraft (approximately 1! inches full scale) are similar. In ﬁ
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the absence of large quantities of overboard bleed and large varisations
in boundary layers, installation effects arc primarily a function of the
local Mach numbers producced by the aircraft. Experience has shown that
differences in nozzle performance occur in the transonic flight region
where the tertiary doors are open and the trailing edge flaps are closed.
At cruilse Mach numuers, nozzle performance is not affected by the air-
crafr fiow field.

1. Previous Experience

Installation effects have been thoroughly investigated in the Pratt
& Whitney Aircraft J58 engine installation in the YF12 aircraft. Wing-
nacelle model test programs and full scale flight investigations have
been conducted in conjunction with the airframe manufacturer. Results
ol these programs show that installation effects are predictable and
that the exhaust system can be desigued to minimize these effects
in the transonic flight range, as shown in figure 2.

J58 experience has shown that an approximation of instslliation ef-
fects for a wing mounted nacelle can be umade by testing isolated scale
models at the local Mach number of the aircratt flow field. TFor ex-
ampie, a simulation of the conditions at a flight Mach number of 1.05
could be made by testing at approximately Mach 1.2. This type of test
would simulate both the lower pressure air entering the tertiary deors
as well as the increment in boattail pressure drag caused by the air-
craft flow field. This test would not, however, show the effect of low
pressures caused by the boattail on aircraft surfaces. A similar in-
vestigation has been carried out for the JTF17 exhaust system instal-
lation in the L: iin~ed alrcraft, as discussed in the next paragraph.
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A |
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Figure 2. Performauce Comparision of Flight and FD 17100
Scale Modcl Exhaust Systems D111
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2. JTIF17 Exhaust System Installation Effects I
Chotrdwise static pressure distributions have been measured for the i
inboard and outboard nacelles con the Lockheed wing. Average local Mach g:
numbers in the vicinity of the tertiary doors have been calculated from
these data and -~ comparison is shown in the tollowing table: z
i
Freestream Mach Number 0.9 1.3 ¥
Average Local Mach Number 0.92 1.31 i
i
Figures 3 and 4 indicate the estimated performance increments as a [unc- | 8

tion of local Mach numbers for the JTFL7 nczzle during transonic ac-
celeration and subsonic cruise respectively. No appreciable instal-
lation cffect is estimated from either figure with the maximum 4Cg i
¢f 0.004 occurring during subsonic cruise operation. During Pligt
operation at acceleration conditions, exhaust system throat areas and
pressure ratios are larger than for subsonic part power and installation §
effects will be less than at part power conditions.
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Figure 3. Estimated JTF17 bkxhaust System FD 17125

Installation Effectsa, Lockheed DIII
Installation, Subsonic Cruise
Configuration
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Figure 4. Egtimated JTF17 Exhaust System FD 17126
Installation Effects, Lockheed DIIIX
Installation, Transonic Acceleratiuu
Configuration

3. JIF17 Installation Tests

During Phasc II-C the L-2000 propulsion installation details were
supplied by lockheed, and the first of a series of tests with a JTF17
exhaust system wind tunrel model representing the Lockheed installation
were conducted in the United Aircraft Research Laboratories main wind
tunnel to investigate installation effects on exhaust nozzle perform-
ance. The complete tist geries o be continued into Fhase IILI will in-
vesiigate the effects of the basic aircraft installation, angle of at-
tack, exhaust system trailing edge flaps, eleven deflection angle, and
exhaust system axial location.

The initial tests established the effects of the L-2000 installation
on the performance of the JTF17 exhaust system during subsgonic part power
operation and investigated the wing and exhaust system local flow field
pressure and Mach number distributions.

The 1/20th scale installation model consists of a metric flowing
nacelle with the JTF17 exhaust system and a non-metric half wirg of
cropped-delta plan form with an cpen channel dummy nacelle as shown in
figure 5. The metric tlowing nascelle consists of & 4-fnch outgide
diameter shaft which eoxtends 7 feet downstream of the trailing edge of
a streamlined fairing. The upstream end of the shaft (s attached to a
three-flow furce balance and the exhaust system is attached to the down-
stream end.

The non-metric half wing consigts of a cropped-delta plan form
with a modifled decuble wedge section and a 10 degree tip droc.., A half
wing model 18 representative of the Installation since a splitter plate
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at the wing root divides the flow field and the {lowing nacelle is lo-
cated scveral nacelle diameters away from the centerline. An open chan-
nel dummy nacelle simulates the inbeoard propulsion package. Replaceable
elevons are available to simulate various trim positions but were not
tested during this initial test program. The [{lowing nacelle shaft was
set at a wnegative incidence of 2 degrees relative to the wing choid. The
installed tests were conducted at angles of attack of 2 degrees and 5 de-
grees. The wing was mounted on edge in the test section on a wing root
plate and two support struts. The test instrumcntation consisted of

the following:

H
1

Dby

e

1. A three-flow balance Lo record exhaust systoem gross thrust
coefficients,

2. Three static pressure pipes located three icet ifrom the upper
wing surface, three feet irom the lower wing surface, aad
three inche3 ofs the wing tip.

3. Tunnel wall static pressure plates arc mounted on the upper
wing surface side of the tumnel and on the lower wing surface
side of the tunnel,

4. A tunnel spanning static and total pressure “T" rake.
Readings from this rake were taken just upstream of the
plane of the ejector tertiary doors.

5. The lower surface of the wing was instrumented with 35 static
pressure taps and the upper surface with 18 taps.

6. The exhaust nozzle had four static taps circumferentially :
spaced just ahead of the tertiary doors. . :

7. Two one-inch high boundary layer mice weré mounted on the 3
nacelle just ahead of the tertiary doors above and below
the wing.

bt

jamvosris B ot

Figure 5., Exhaust System Installation wodel FD 16905
Tests - Lockheed Configuration DIT1
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Preliminary results of these tests are shown in figure 6. The curves
show the veriation of isolated and installed nozzle performance with rlight
Mach number for Mach 0.9 engine ope.aring conditions. The JTF17 exhaust
system installed performance is approximately 1/2% lower than isolated
model performance; however, the installed model performance meets the sub-
sonic cruise performance goal. Angle of attack has little effect on the
installed performance. The excellent agreement between the theoretical
and test results indicates that installation effects for the JTF17 exhaust
system are predictable and the nozzle design can be modified when neces-
sary to mirnimize these effects.

The initial test program was limited to subsonic Mach number because
of wind tunnel limitations. Wind tunnel flow field investigations con-
ducted with both Beeing and Lockheed wings (no exhaust nozzles) indicated
that satisfactory flow fields could be established for subsonic Mach
numbers only. However, a wind tunnel modification incorporating a per-
forated wall test section to permit transonic Mach number testing is
planned early in Phase III.
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